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I.       GEQMAGN EriCS    REVIEW 

A.       HISTCEY   OF    GEOMAGNETICS 

The  beginnings  of  the  study  of  geomagnetism  lie  back  in 
prehistory  when  magnetic  attraction  between  iron  and  certain 
minerals   was    first    observed .  Exactly    when    this    phenomenon 

was  first  noticed  is  not  known,  but  the  properties  of  magne- 
tite, then  called  lodestone,  appeared  in  Gresk  literature 
around   600    B.    C.     (3rennan   and  Davis).       [  Ref .    1] 

Chapman  [Ref.  2]  indicates  that  the  directional  property 
of  magnets  was  known  and  used  in  Europe  prior  to  1200  A.  D. 
and  possibly  in  China  before  then.  S.  N.  Parker  [Ref.  3] 
noted  "It  is  an  interesting  fact  that  the  ancient  walls  of 
Peking  were  lined  up  with  magnetic  north  rather  ^han 
geographic  north,  a  difference  at  that  time  of  about  1°.  We 
may  presume  that  the  surveyor  found  it  easier  to  work  with 
his  compass  needle  by  day  than  tc  sight  on  the  pcl=  s-ar  by 
night."  This  property  allows  the  use  of  -he  Earth's  geomag- 
netic  field   for    navigational   purposes. 

By  the  mid-fifteenth  century  it  was  determined  in  Europe 
that  the  magnetic  compass  does  not  point  to  true  north.  The 
angle  between  true  north  and  the  direction  indicated  by  the 
compass  is  now  known  as  magnetic  declination  by  the  geophy- 
sicist   and    as   variation    by    the   navigator. 

The  magnetic  field  dip,  or  magnetic  inclination  is  the 
angle,  in  a  vertical  plane,  between  the  horizontal  and  the 
direction  of  the  earth's  magnetic  field  vector.  It  was 
observed  in  1544  by  an  instrument  maker  in  Nuremberg  named 
Hartmann,    and   again    by  Robert   Morman    in    London   in    156  1. 

These  discoveries  or  observations  gave  rise  to  "he  study 
of   geomagnetics    as    a    specialty      which   gained    its    cornerstone 
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with    William   Gilbert   in    160  0.  aftsr   comparing    his    experi- 

mental results  with  the  previous  work  of  others  such  as 
Norman,  Gilbert,  in  his  book,  "De  Sagnete,"  concluded  that 
"ma gnus  aaqnes  ifise  est  globus  terrestris  (the  earth  globe 
itself  is  a  great  magnat)  "  [Eef.  2].  It  is  this  concept, 
that  the  earth  is  itself  a  magnet,  that  is  the  basis  of  the 
science   of   geomagnetics. 

Gilbert  felt  that  the  Earth1 3  magnetism  must  remain 
constant  except  for  geological  changes,  but  it  was  soon 
determined    that    this      was   not   the   case.  A    'secular    varia- 

tion'   of  the   Earth's    was   found   to   exist. 

Shorter  term  changes  in  the  geomagnetic  field  were 
observed  and  it  was  eventually  realized  that  geomagr. etism  is 
dynamic.  In  1722  George  Graham  discovered  that  daily,  or 
diurnal,        variations      exist   [Ref.    2].  During      the      early 

Nineteenth  century  magnetic  observatories  began  to  be  estab- 
lished to  record  the  changes  in  the  geomagnetic  field  in  a 
systematic    fashion    (Knecht)     [Eef.    1  ]. 

3.       EARTH'S    MAGNETIC    FIELD 

1  •      Constituents    of   the    Geomagnet  z.c    Field 

There  are  various  ways  of  breaking  down  the  consti- 
tuting parts  of  the  geomagnetic  field.  One  way  is  to  divide 
the  field  in  terms  of  distance  from  the  center  3f  the  earth. 
Doing  this  yields  these  three  parts:  internal,  crustal,  and 
external  (A?GL)  [Ref.  5].  The  internal  field  originates  in 
the  core  region  and  is  the  more  stable  field,  containing 
only      extremely      low    freguency      temporal      variations.  The 

crustal  (or  anomalous)  field  arises  from  modifications  made 
on  the  internal  field  by  materials  and  structures  in  the 
Earth's  crust.  These  variations  ara  net  spatially  constant 
and      give      rise    to      some      of      what      is    known      as      geological 
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variations.  The  external  field  is  the  most  dynamic  and 
arises  from  many  sources  including  the  interaction  between 
the    solar   wind  and   the  terrestrial   magnetic   field. 

Another  way  of  describing  the  components  of  the 
geomagnetic  field  is  by  time  variation.  This  division  is 
accomplished  by  considering  that  part  of  the  field  which 
varies  with  periodicities  greater  than  about  one  year  as  the 
steady  field  and  what  is  left  ae  the  variation  field 
(Knecht)  .      [Ref.    4] 

The  steady  field  consists  of  the  above  named 
internal  field,  also  referred  to  as  the  main  field.  Slow 
variations  in  the  main  field  with  periods  cf  years  or  longer 
are   referred   to   as    secular    variations . 

2-      Models   of   the    Main    Field 

Various  models  of  the  main  geomagnetic  field  make 
use  of  a  geocentric  dipole.  Gauss,  in  1939,  demonstrated 
that,  as  a  fairly  good  first  approximation  to  the  geomag- 
netic field,  the  field  of  a  uniformly  magnetized  sphere  (for 
points  outside  the  sphere)  is  equivalent  to  the  field  of  a 
magnetic  dipole  located  at  the  center  of  the  sphere 
(Jacobs)  .      [Ref.    6  ] 

The  simplest  cf  the  present  approximations  of  the 
geomagnetic  field  is  that  of  a  short  bar  magnet  or  dipole 
located  at  the  center  cf  the  earth  with  an  axis  inclined 
approximately  11.5°  from  the  Earth's  axis  of  rotation.  The 
sense  of  the  field  lines  is  from  south  to  north  (Figure 
1.1)  . 

The  axis  of  this  iipole  intersects  the  earth  at  the 
geomagnetic  north  pole,  79. 5°N,  291. 0°E  in  geographic  coor- 
dinates, and  at  the  geomagnetic  south  pole,  78.5°S,  110. 0°E- 
The  moment  of  the  geomagnetic  dipole  is  9.1  :c  1022  amp-m2. 
It    is      these    Doles   that   are      used   to    define      the    geomagnetic 
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Figure    1. 1        Dipole   Appearance   of    Geomagnetic   Field 

coordinate  system  (Knecht)  [Ref-  4].  The  geomagnetic  coor- 
dinate system  is  a  spherical  polar  system  similar  to  the 
geographic  coordinate  system  with  a  geomagnetic  equator 
defined  90  degrees  away  from  eithar  gecmagnatic  pole  in 
latitude.  This  tilted  geocentric  dipole  model  describes  the 
main    geomagnetic   field   to   an   accuracy    of    about    10%, 

In  1940  Chapman  and  3artals  defined  an  off-center 
dipole  in  the  earth's  interior,  called  the  eccentric  dipcle. 
This  dipole  is  displaced  0.0635  earth  radii  (436  km)  in 
magnitude  from  the  center  and  in  tha  direction  of  the  point 
15.  6°N,    150. 9°E    (geographic    coordinates)     (Vestine)    [  Ref .    7]. 
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The      intersections      of     the    eccentric  dipole      axis      at      the 

earth's      surface   are      81.3°N,      84.7<>«  and    75.3<>S,         120. U°E 

(Figure    1.2)     (Haymes)    [Ref.    8],      This  approximation   is   accu- 
rate   to    within   a    few    percent. 


I      \ 


Pigure   1.2        Eccentric   Dipole    Model    of   Geomagnetic   Field 

The  field  has  additionally  been  nodel=i  to  an  accu- 
racy of  about  13  by  determi  nining  Saassiar.  coaf  f  ici^nts  by  a 
least-squares      fit      of      experimental         measurements      of      the 
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geomagnetic  field.  These  coefficients  are  used  in  a  spher- 
ical harmonic  series  representing  the  scalar  potential  of 
the  field.  This  accuracy  implies  that  the  internal  contri- 
bution to  the  total  main  field  is  at  least  on  the  order  of 
99%. 

The  International  Geomagnetic  Reference  Field  (IGRF) 
yields  values  which  differ  by  only  parts  per  thousand  from 
measured  values. 

3.      Sources    of   the   3eoa  agnatic   Field 

There  are  various  elements  that  contribute  to  the 
geomagnetic  field,  some  external  to  the  earth's  surface  and 
some  internal.  As  previously  raentionned,  the  external 
contributions  make  up  only  a  small  fraction  of  the  steady 
field,    playing   a    more    important    role    in    the    variation    field. 

These  external  sources  include  current  systems  in 
the  earth's  upper  atmosphere  affected  by  solar  electromag- 
netic radiation  and  gravitation,  solar  corpuscular  radiation 
or  the  interaction  of  solar  plasma  with  the  main  field,  and 
the   effect    of   the   solar   interplanetary    field.      * Ref .    4] 

Various  magnetic  surveys  of  the  world,  including 
those  conducted  at  ground  level,  by  airborne  instruments, 
and  by  satellite, have  pointed  to  the  fact  that  the  largest 
source  of  the  earth's  magnetic  field  is  internal  to  it. 
While  there  exists  residual  permanent  magnetism  in  the 
earth's  crust,  this  cannot  be  the  principal  internal  source 
of  the  geomagnetic  field  due  to  temperature  and  material 
properties  known  to  exist  in  the  earth's  interior  (Nagata 
and   Ozima) .      [Ref.    9 ] 

Permanent  magnetism  is  generated  by  microscopic 
electric  currents,  since  a  changing  electric  field  will 
generate      a   magnetic      field.  Another      way    to      generate      a 

magnetic   field      is    by      the    motion    of      electric   charges      in    a 
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macroscopic  current.  Corrective  motion  of  the  electrically 
conducting  fluid  core  of  the  earth,  resulting  in  a  macro- 
scopic current  system,  is  considered  to  be  the  principal 
source  of  the   main    field. 

The  most  promising  present  theory  of  the  generation 
of  the  geomagnetic  field  is  that  of  some  sort  of  a  self-ex- 
citing dynamo  system.  This  means  that  the  motion  of  a 
conductor,  such  as  the  molten  iron  is  the  earth's  core,  in  a 
magnetic  field  produces  a  current  which  in  -urn  induces  a 
magnetic  field  in  support  of  the  original  magnetic  field 
[Ref.  4,  7].  A  very  simple  model  of  such  a  dynamo  is  shown 
in   Figure    1.3   . 


Axis  of  rotation 
Nonrofating  coil 
di 


[Ref.    ijj 


Figure    1.3        Simple   Disk   Dynamo 

The  original  excitation  or  seed  field  nay  be  due  to 
an  external  field  line,  perhaps  from  the  solar  interplane- 
tary magnetic  field.  This  original,  poloidal,  field  line  is 
wound     up   due     to   the      differential      rotation    (rotation      not 
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constant  with  latitude)  in  the  molten  core.  The  wound  up 
line  becomes  an  intense  azinrathal  field  which  is  carried 
outward  by  the  upwelling  associated  with  convection  and 
twisted  by  the  action  of  the  Coriolis  force.  The  twisting 
generates  a  helical  toroidal  field  which,  by  outward  diffu- 
sion, generates  the  externally  observed  quasidipole  geomag- 
netic field. 

The  combination  and  interaction  of  two  (see  Figure 
1.4)  or  more  disk  dynamos  can  also  can  also  explain  the 
reversal  of  the  geomagnetic  field  [Rsf.  7,  9]. 


Figure  1.4    Twin  Disk  Dynamo 


Regional  anomalies  that  are  nondipolar  (do  not 
conform  to  the  dipole  field)  possibly  arise  from  eddy  circu- 
lations in  the  outer  core  [  Sef .  4]. 


**  •      Magnetosphere 

The   magnetosphere   can      be   defined   to   be      that   region 
(see    Figure    1.5)    occupied   by   the    geomagnetic    field   above   the 
ionosphere,      a   region    where   the   field    stongly   influences   the 
dynamics      of     ionized      gas        and     charged      particles       (Kern) 
[Ref.    10]. 

If  the  space  surrounding  ths  earth  were  a  perfect 
vacuum,  the  earth's  magnetosphere  and  magnetic  field  might 
be  more  or  less  symmetric  and  extend  outward  until  it  merged 
with,  and  its  strength  became  insignificant  compared  to  the 
solar  and  other  planetary  magnetic  fields.  This  turns  out 
not    to   be  the   case. 

Instead  of  being  an  island  in  a  perfect  vacuum,  the 
earth  encounters  a  continuous  flow  of  hot,  highly  conductive 
ionized  gas,  or  plasma,  streaming  outward  from  the  sun. 
This  continous  stream  of  charged  particles  is  called  the 
solar  wind.  The  density  of  this  ■wind1  near  earth  is  or.  the 
order  of  1 0  particles  per  cm3,  and  has  a  velocity  averaging 
300-500    km    per   second    (Jacobs).      [Ref.    6] 

Both  the  solar  wind  and  the  geomagnetic  field  exert 
pressure.  The  hot  plasma  of  the  solar  wind  pushes  against 
the    geomagnetic      field  deforming      the    field.  kt   distances 

greater  than  about  13  or  14  earth  radii,  the  pressure  of  the 
solar  wind  greatly  exceeds  that  of  the  geomagnetic  field  and 
the  geomagnetic  field  will  be  swept  along  with  the  wind. 
From  8  to  10  earth  radii  inward,  the  geomagnetic  field 
pressure  will  predominate,  excluding  the  solar  wind,  this 
being   the  region   of   the   magnetosphere. 

In  the  intermediate  region,  the  magnitude  of  the 
solar  wind  and  geomagnetic  field  pressures  are  comparable 
and  the  solar  wind  is  compressed  and  flows  around  the 
geomagnetic   field.  This    occurs      when    the      magnetic   energy 

density      ahead      of      the    plasma      eguals      the      kinetic      energy 
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density  of  the  streaming  plasma.  The  solar  wind  is  stopped 
at  this  point  and  forced  to  flow  around  the  magr.etcsphere. 
This  region  where  the  raagnetosphere  starts  is  called  the 
M2H§i2£SUse.   [Ref-  8] 

The  velocity  of  the  undisturbed  solar  wind  is  analo- 
gous to  a  'supersonic1  velocity.  Thus  a  shock  front  is 
formed  between  the  magneto  pause  and  the  solar  wind.  The 
magneto sheath  is  the  region  of  severs  turbulence  that  exists 
between  the  shock  front  and  the  magnetopause. 

Since  the  solar  wind  always  travels  outward  from  the 
sun,  the  effect  of  the  wind  on  the  earth's  main  field  is  not 
completely  symmetric,  although  it  is  almost  symmetric  about 
an  axis  through  the  earth  and  sun.  A  geomagnetic  tail  is 
formed  where  the  wind  sweeps  the  geomagnetic  field  along 
with  it  en  the  nightside  of  the  earth  [Ref.  4  ].  Figure  1.5 
pictorially  represents  the  effects  of  the  solar  wind  on  the 
geomagnetic  field. 

5  .   Ti me  Variations  of  the  Geoma^ner _ic  Fie2.i 

The  geomagnetic  field  changes  with  time.  As  previ- 
ously mentioned,  very  slow  variations  in  the  main  field  with 
periods  on  the  order  of  years  to  thousands  of  years  are 
referred  to  as  secular  variations.  Secular  variations  are 
geologic  or  ' paleomagnetic'  in  origin.  Secular  variations 
are  not  caused  by  a  strength  or  orientation  change  of  the 
center  dipole.  Paleomagnetic  studies  are  used  to  determine 
the  secular  variation.  Geologic  structure,  especially 
conductivity  structure,  may  partially  mask  the  secular  vari- 
ation at  one  point  on  the  earth  as  compared  to  that  at 
another  point. 

Other  time  variations  of  the  field  car.  be  categor- 
ized into  gjaiet  variation  fields  and  disturbed  variation 
fields.     Disturbed   variation  fields   include   geomagnetic 
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Figure    1.5        Configuration   of   The    Magnetosphere 

micro pal sat ions  which  will  be  discussed  separately,  since 
they  are  of  particular  interest  as  a  noise  source  for  SAD 
sensors. 

a.      Quiet    Variation    Fields 

Quiet  variation  fields  ire  those  which  ire  aot 
due  to  disturbances  in  the  interplanetary  env ircninent  and 
which   vary   slowly   and   regularly    [Ref.    4]. 

There  are  several  contributing  fields  to  the 
quiet      variation.  These      include   the      Solar      Quiet      Dai^z 

Variation  (S3),  the  Lunar  Daily  Variation  (L) ,  and  the  daily 
variation   due   to    magnetosph eric    effects. 
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The  Solar  Quiet  (Sq)  variation  is  the  name  given 
to  the  pattern  of  diurnal  field  variation  with  resoect  to 
solar  local  time  which  is  caused  by  currents  flowing  in  the 
ionosphere  (Matsushita)  [Raf.  11].  The  major  portion  (about 
two-thirds)  of  the  Sq  field  is  due  ta  what  is  referred  as  an 
atmospheric  dynamo.  High  speed  tidal  winds  are  generated  by 
solar  heating  causing  convection  of  the  upper  atmosphere 
[Raf.  4],  These  winds  produce  a  stationary  current  system 
by  moving  the  conducting  particles  of  the  upper  atmosphere 
across  the  geomagnetic  field  lines.  The  daily  variation  is 
caused  by  the  earth  rotating  under  the  current  system.  The 
remaining  third  of  the  Sq  variation  is  caused  by  currents  in 
the    earth   induced   by    the   primary   currents   in  the    ionosphere. 

The  Sq  field  can  be  shown  to  be  latitude  depen- 
dent reaching  a  maximum  at  the  magnetic  equator  where  a 
concentration  of  current,  the  equatorial  electro je~,  exists 
[Ref.  4].  The  maximum  horizontal  component  intensity  is 
about  100  nT  at  the  equator  with  25  to  50  nT  more  likely  at 
higher   latitudes. 

Longitudinal,  seasonal,  and  solar  cycle  depen- 
dencies  also   occur   for  the    Sq  field. 

An  example  of  the  quiet-day  variation  at 
Mon-cerey,  California  is  shown  in  Figure  1.6  and  is  summa- 
rized in  Table  I.  This  lata  was  taken  using  a  Cesium  Vapor 
total   field   magnetometer   in    February,    1979. 

The  Lunar  Daily  Variation,  L,  is  approximately 
one-tenth  the  magnitude  of  the  Sq  field  and  exhibits  a 
semi-diurnal   behavior      in  lunar      time    [Ref.    4].  The    major 

difference  is  that  the  winds  are  caused  by  lunar-solar 
gravitational  tides.  The  L  field  is  dependent  en  seasonal 
influences,    lunar    phase,    the  solar   cycle,    and   latitude. 
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Figure   1.6 


Variation  of   Total    Geomagnetic  Field    Intensity, 
February   26,    1 979 
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TABLE    I 
Quiet   Day   Variation    in  La    Mesa    Village,    February,    26,    1979 


POSITION  36°36'N,  12l051'W  (LA  MESA  VILLAGE) 

CALCULATED  VALUES  USING  THE  1975  U.S.  CHART  MODEL  (WORLD  DATA 
CENTER  A,  BOULDER,  COLORADO)  FOR  FEBRUARY  1979: 

0  I        H<NT)       ZCNT)      F(NT) 


VALUE  (FEB.  1979): 
YEARLY  CHANGE 

15. 
-2. 

96° 
3  ' 

60.7%° 
-  .8  • 

2%, 
-* 

650     %%,007     50,%%1 
».3       -32.1      -30.1 

MEASURED  VALUES 

OF  TOTAL 

FIELD  INTENSITY 

FOR  FEB.  25,  1979 

DATE 

TIME 

FCNT) 

2/25/79 

oo:%% 
01: 48 
02:52 
03:56 
05:00 
06:0% 
07:08 

o    a    o    o    e    o    o 
o    o    o    e    o    o    o 

08:12 

50,399.69 

09:16 

50,381.59 

10:20 

50,363.68 

11:2% 

50, 3% 5. 08 

12:28 

50,338.51    MID-DAY  LOW 

13:32 

50,356.%8 

i%:36 

50,378.86 

15:%0 

50,386.98 

16:%% 

50, 38%. 30 

18:51 

5O,%00.81 

19:55 

50,396.91 

20:59 

50,%01.85 

22:03 

3Q,%00.80 

23:07 

50,%00.5% 

2/26/79 

00:11 

50,%06.S1 

AVERAGE  50,390.50  ♦  21. %3  (NT) 


CALC 


-  FMEAS  =  50.5  NT  OR  . 1% 
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A   diurnal     effact  due      to   the      dayside-nightside 

difference  in  compression  by  the  solar  wind  of  the  geomag- 
netic field  causes  a  small  variation  of  The  order  of  3  nT 
[Ref.    *]. 

b.      Disturbed   Variation   Fields 

Disturbed  variation  fields  are  geomagnetic  field 
variations  that  appear  to  be  the  rasult  of  interplanetary 
environmental  changes  and  do  not  possess  a  simple  period- 
icity. These  variations  include  ionospheric  disturbances, 
the        aurora,  SiOJiagnetic  §£.2E1§»  an^        geomagnetic 

micropul sat ions . 

An  ionospheric  disturbance  is  a  departure  from 
the  normal  behavior  of  the  ionosphere- 
Solar  flare  effects  (SFE)  are  magnetic  distur- 
bances produced  by  X-rays  emitted  from  the  solar  flare. 
SFE*s  usually  have  a  rapid  onset,  typically  a  few  minutes  in 
duration,  followed  by  a  slower  return  to  normal.  The  entire 
event   lasts   on   the    order   of    an   hour    (Heid) •      [Ref.    12] 

Auroras  are  caused  by  *he  precipitation  of 
charged  particles  down  magnetic  field  lines  into  the  atmos- 
phere and  can  be  one  of  the  brightest  visual  phenomena  ir. 
the  sky.  The  more  intense  and  active  auroras  occur  with 
geomagnetic  disturbances  and  greatly  increase  ionization  as 
well  as  creating  the  spectactular  visual  displays.  (Ref.  4] 
Geomagnetic  storms  are  due  to  a  change  in  the 
dynamic  pressure  of  the  solar  wind.  A  typical  storm  begins 
with  a  compression  of  the  magnetic  field  by  an  increase  in 
solar  wind  dynamic  pressure  called  a  sudden  commencement 
(SO ,  which  increases  the  magnetic  field  (The  so-called 
"gradual  storm'1  begins  with  a  gradual  increase  in  field 
strength).  The  increase  in  field  strength  is  on  the  order 
of    several    tens      of   nanoTeslas    (nT)       and   takes      about    one    to 
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six  minutes  to  rise.  If  a  disturbance  starts  with  an  SC  but 
lacks  the  succeeding  stages  of  a  storm  it  is  referred  to  as 
a  sudden  impulse  (SI) •  Following  the  SC,  the  field  remains 
compressed  for  two  to  eight  hours  in  the  initial  Rhase  of 
the  storm.  The  main  phase  follows  the  initial  phase.  Over 
a  period  of  hours  to  a  day  a  westward  ring  current  is  set  up 
at  a  distance  of  several  earth  radii  whose  magnetic  field 
leads  -co  a  decrease  in  field  strength  on  the  order  of  100 
nT.  This  decrease  overshoots  the  equilibrium  field  strength 
and  leads  into  the  recovery  phase  of  a  day  or  longer  where 
the  field  returns  towards  its  prestorm  strength  as  the  ring 
currents        gradually        dissipate        [Ref.    4],  (Matsushita) 

[Ref.    13].         A   magnitude-time  graph    of    a    typical    geomagnetic 
storm   is   shown   in   Figure    1.7. 
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Figure   1.7        Typical  3 idlatitade    Geomagnetic   Storm 
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Geomagnetic  ■icrqpalsations  are  rapid  fluctua- 
tions in  the  surface  magnetic  fisli  with  periods  of  about 
0.2  seconds  to  10  minutes  (fraguencies  about  0.0016  to  5.0 
Hz)  .  These  are  observed  as  a  type  of  geomagnetic  distur- 
bance by  ground  based  magnetometers  [Hef.  4]. 
Micropulsations  will  be  discussed  in  depth  later. 

6 .   Elements  of  t  he  Magnetic  Field  Vector 

The  geomagnetic  field  vector  is  measured  or  charac- 
terized at  any  point  by  its  direction  and  magnitude.  This 
can  be  done  in  terms  of  some  set  of  three  independent  param- 
eters such  as  two  direction  angles  and  the  magnitude,  or 
three  perpendicular  components.   [Ref.  4] 

The  system  of  coordinates  commonly  employed  for 
describing  the  geomagnetic  field  on  the  surface  of  the  earth 
is  shown  in  Figure  1.8.  The  field  is  measured  in  terms  of 
local  (geodetic)  coordinates  with  respect  to  True  North. 

The  various  coordinates  are  referred  to  as  magnetic 
elements  and  are  defined  as  follows: 

B:   Total  Field  Intensity  (the  symbol  P  is 

also  used) 

H:      Horizontal   Component 

X:       Northward,     or  North-South    Component 

Y:      Eastward,    or  East-West    Component 

Z:      Downward,     or  Vertical    Component 

D:  Declination   or      magnetic      variation. 

This    is    the      angle    between    X    and      H    and    is 

measured    positive   eastward. 

I:      Inclination   or   dip   angle.      This    is   the 

angle      between    H      and      B      and   is      measured 

positive    downward. 
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Figure  1-8   Hague-tic  Field  Elements 
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II.       INTRODUCTION    TO    MAGNETIC    ANOMALY    DETECTION     (MVD) 

A.       DEFINITION    OF    A    MAGNETIC    ANOMALY 

A  magnetic  anomaly  is  defined  as  any  spatial  variation 
or  disturbance  in  the  geomagnetic  field  which  is  due  to 
local  causes.  Anomalies  can  be  caused  by  waves,  ore 
deposits,  sea  mounts,  and  magnetized  objects  such  as  surface 
ships  and  submarines  (Anderson)  [Ref.  1U].  For  the  purposes 
of  this  research,  magnetic  anomalies  due  to  a  simple  dipole 
field,  such  as  those  generated  by  submarines,  will  be 
regarded  as  signals,  while  other  anomalies  will  be  regarded 
as   noise   and    will    be    discussed   later. 

3.       HISTORICAL    DEVELOPMENT    OF   THE    MAGNETIC    DETECTION    OF 
SUBMARINES 

1 •      Early   Detection    Systems 

Attempts  at  finding  submerged  submarines  by  sensing 
disturbances  in  the  geomagnetic  field  date  back  as  least  as 
far  as  World  War  I.  In  19  18,  Earnest  Merritt,  at  the  Naval 
Experimental  Station,  New  London  studied  the  use  of  a  fixed 
coil  type  of  detector  for  use  in  moving  boats  and  airplanes 
(Slichter)  .      [Ref,    15  ] 

MAD,  originally  known  as  Magnetic  Airborne  Detector, 
and  now  called  Magnetic  anomaly  Detection,  had  its  begin- 
nings  as   an   airborne    ASW    sensor    in    late    19U0    and    early    1941. 

Anomalies  in  the  geomagnetic  field  caused  by  the 
presence  of  submarines,  are  on  the  order  of  one  to  a  few  nT 
(gammas)  in  magnitude.  This  is  quite  small  compared  to  the 
magnitude      of   the      field   itself       (30000    -      60000    nT)  .  Two 

methods      are      generally      employed        'to      measure      this      small 
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disturbance.  One  is  to  use  a  gradiometer  which  measures  the 
spatial  rate  of  change  of  the  magnetic  field  or  its 
gradient.  The  second  method,  and  the  one  presently  used  by 
U.S.  Navy  aircraft  is  to  use  a  magnetometer  to  directly 
measure  changes  in  the  magnitude  of  the  magnetic  field. 

The  British  investigated  the  use  cf  a  gradicmeter 
for  submarine  detection,  and  by  early  1941,  had  developed  a 
two-ceil  gradiometer  system  which  could  detect  a  submarine 
at  a  range  of  200  fee-  under  favorable  conditions.  This 
range  was  considered  to  be  too  small  to  be  of  operational 
value  and  work  on  such  a  system  was  terminated  when  a  magne- 
tometer system  showed  promise  (Coleman).   [Ref.  16] 

By  late  1940,  Victor  V.  Vacquier  of  ^.he  Gulf 
Research  and  Development  Company  had  developed  a  sensitive 
saturable  core  magnetometer  intended  for  geophysical 
(mineral)  prospecting.  The  Vacquier  magnetometer  became  the 
basis  for  further  MAD  development.  The  Airborne  Instrument 
Laboratory  of  Columbia  University  continued  the  investiga- 
tion of  means  of  localizing  submerged  submarines  by  MAD. 

The  simplest  saturable  core  or  fluxgate  magnetometer 
consists  of  a  saturable  or  ferromagnetic  core  around  which  a 
coil  of  wire  is  wrapped  (see  Figure  2.1).  This  coil  carries 
a  sinusoidal  current,  I (t)  ,  which  is  large  enough  to  satu- 
rate the  core  during  part  of  each  cycle.  The  inductance  of 
the  coil  will  chance  as  a  function  of  the  magnetization  of 
the  core.  The  core  magnetization,  in  turn,  dspends  on  the 
instantaneous  current  in  the  coil,  and,  if  present.,  the 
external  magnetic  field. 

In  the  absence  of  an  externally  applied  magnetic 
field,  magnetization  as  a  function  of  exciting  current  is 
symmetric  around  1=0  (Figure  2.2).  An  external  magnetic 
field  parallel  no  the  core's  axis  will  change  the  magnetiza- 
tion of  the   core  and  shift  the   magnetization  curve.    This 
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Figure   2, 1        Element    of  Fluxgate    Magnetometer 

change  will  cause  an  asymmetry  which  can  be  sensed  by 
analyzing  the  harmonic  content  of  the  signal.  The  coil  can 
be  combined  with  a  stabilizer  system,  which  keeps  -he 
detector   element    (coil)    aligned    with    the    geomagnetic    field. 

This  was  the  basis  of  the  H&D  magnetometers  used  in 
World       War    II      such      as    the       AN/ASQ-1,  ASQ-1A,       and       ASQ-2 

[Ref.    16]. 

The  fluxgate  magnetometer  measures  only  the  compo- 
nent of  the  external  field  parallel  to  the  axis  of  the 
ferromagnetic  core.  In  order  to  measure  the  total  field  in 
this  fashion  it  is  necessary  to  align  the  ferromagnetic  core 
along      the      earth1 s      magnetic  field      or      by      using      mutually 
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Figure  2.2    Magnetization  Versus  Exciting  Current 

perpendicular  (orthogonal)  cores.  Precision  requirements 
made  this  type  of  system  difficult  to  realize  daring  World 
War  II  but  it  has  since  found  many  years  of  operational 
usage  and  has  found  widespread  use  in  geophysical  explora- 
tion work  and  satellite  mapping  of  the  geomagnetic  field. 

2  •   5a r ly  Operational  'J  sa ge 

During  World  War  II  MAD  provided  a  passive  method  of 
detection  and  tracking  of  submerged  submarines.  Within  its 
range  (then  on  the  order  af  500  feet)  MAD  gave  a  measure  of 
surprise  to  the  attacking  aircrew.  Until  the  first  attack 
was  delivered  the  crew  of  the  submerged  submarine  might  not 
even  be  aware  of  the  aircraft  hunting  it. 

Operational  deployment  of  MAD  began  an  a  limited 
basis  in  December,  1941  with  the  installation  of  *he  early 
Mark  I  MAD  in  a  blimp  at  Naval  Air  Station  Lakehurst,  New 
Jersey  [  Eef .  16  ]. 
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By  the  end  of  1942,  MAD  was  operational  on  beard  PBY 
Catalina  aircraft,  nicknamed  "Madcats."  Even  though  MAD  was 
operational  at  this  time,  it  was  not  until  February,  1944 
that  an  initial  contact  by  MAD  led  to  the  sinking  of  a 
submarine. 

During  February,  1944,  the  Madcats  of  Patrol 
Squadron  63  were  assigned  to  fly  a  MAD  barrier  patrol  of  the 
Straits  of  Gibraltar.  On  24  February  1944,  a  Madcat  of 
VP-63  detected  U-76 1  by  use  of  MAD  and  commenced  tracking  to 
confirm      the   contact     as   a      moving   target.  An    attack      was 

conducted  in  conjunction  with  another  Catalina,  two 
destroyers,  and  eventually  two  other  aircraft,  and  0-761  was 
sunk.  U-392  was  sunk  after  a  similar  MAD  contact  en  16 
March,  and  on  5  May,  the  third  successful  attack  on  a  U-boat 
resulting  from  an  initial  MAD  contact  took  place  when  U-731 
was    sunk    (OEG   No.    51,    Price).      [Ref.    17,    18] 

The  attacks  at  the  Straits  of  Gibraltar  demonstrated 
that  though  MAD  has  a  limited  search  rate,  there  are 
scenarios  where  it  can  be  employed  effectively  as  a  search 
sensor,  such  as  providing  a  blockade  across  a  restricted 
area  without  the  presence  of  surface  craft  (3EG  No.  54) 
[Ref.    19]. 

3 «      Current    Systems 

The  magnetometer  system  in  current  operational  use 
is  the  optically  pumped  magnetometer.  The  optically  pumped 
magnetometer  measures  the  external  magnetic  field  by  making 
use  of  the  fact  that  when  an  atcm  is  immersed  in  a  magnetic 
field,      its   energy    levels   are  split.  This    is    known   as   the 

Zeeman  effect.  For  the  fields  of  interest,  the  a mount  of 
splitting  of  the  levels  is  proportional  to  the  intensity  of 
the  magnetic  field.  By  measuring  the  separation  be^w^en  the 
levels  the  magnitude  of  the  magnetic  field  car.  be 
det  er  aiir.ed. 


This  type  of  magnetometer  usually  makes  use  of 
Cesium  cr  Rubidium  vapors,  or  Helium  gas.  The  currant  oper- 
ational MAD  system,  the  AN/ASQ-81,  is  a  Helium  gas  optically 
pumped   magnetometer. 

In  an  optically  pumped  magnetometer  (see  Figure 
2.3),  the  sample  vapor  or  gas  (such  as  Helium)  is  collected 
into  an  absorption  cell.  Circularly  polarized  light  is 
passed  through  the  cell  giving  up  some  of  ins  energy  in 
exciting  or  pumping  the  electrons  of  the  sample  gas  to 
higher  energy  levels.  These  electrons  then  fluoresce  to 
lower,  metastable  energy  states.  This  is  •optical  pumping.' 
A  detector  monitors  the  degree  of  optical  pumping  by  meas- 
uring  the  transparency  of   the  gas   cell. 
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Figure  2.3    Metastable  Helium  Magnetometer 


The  actual  separation  of  the   energy  level-  is  xeas- 
ured  by  applying  a  weak  R.  F.   field  *hich  redistributes  the 


electrons  among  the  ground  state  sublevels.  These  tran- 
sitions will  only  occur  when  the  R.  ?.  field  has  a  partic- 
ular frequency  (called,  the  Larmor  frequency)  which  is 
proportional  to  the  separation  between  the  levels  and  there- 
fore to  the  external  magnetic  field  [Ref.  20].  Thus  meas- 
urement of  this  frequency  yields  a  direct  value  of  the 
magnetic  field. 

4 •   Future  Developments 

Optically  pumped  magnetometers  are  the  most  sensi- 
tive sensor  for  fleer  usage  today.  Increasing  capability  to 
make  use  of  the  phenomenon  of  superconductivity  will  yield 
more  sensitive  MAD  sensors.  Superconducting  Quantum 
Interference  Devices  (SQOIDS)  which  make  use  of  the 
Josephson  effect  have  a  theoretical  sensitivity  of  10-7  nT 
as  opposed  to  the  theoretical  value  of  9.0G1  r.T  and  the 
operationally  realized  value  of  0.0  1  nT  in  current  fleet 
systems  (Chilton)  [Ref.  20].  Field  changes  on  the  order  of 
10- s  nT  have  actually  been  measured.  This  SQUIDS  are  used 
in  both  superconducting  magnetometers,  and  superconducting 
gra  diometers. 

A  Josephson  junction  consists  of  a  thin  layer  of 
insulator  between  two  superconductors.  This  junction  has 
the  property  that  a  current  can  flow  across  it  without 
developing  a  voltage  up  to  some  maximum  current.  A  voltage 
is  developed  for  all  current  values  greater  than  the  maximum 
current. 

In  a  superconducting  magnetometer  a  superconducting 
ring  containing  a  pair  of  Josephson  junctions  is  used  to 
measure  the  amount  of  magnetic  flux  penetrating  the  loop. 
This  system  is  a  vector  magnetometer  which  measures  varia- 
tions in  only  one  field  component. 
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3y  using  more  than  one  superconducting  loop,  it  is 
possible  to  measure  magnetic  field  gradients,  and  construct 
a  superconducting  gradiometer.  This  is  also  a  component,  or 
vector,    sensor. 

These  instruments  have  been  used  extensively  in  the 
laboratory  and  to  some  extent  in  geophysical  work,  but 
considerable  engineering  problems  remain  to  be  solved  before 
operational  Navy   use   can   be    contemplated. 

C.       MAD    SIGNAL    AND    BANDPASS 
1  •      Source  of   the    Sicjna  1 

The  MAD  signal  results  from  moving  a  magnetometer 
through  the  magnetic  field  of  a  submarine,  which  can  be 
approximated  by  the  field  of  a  magnetic  dipole.  Figure  2.4 
depicts   the   formation    of    a    submarine    caused   anomaly. 

The  magnetic  moment  of  an  object  in  the  earth's 
magnetic  field  can  be  due  to  permanent  magnetization, 
magnetization  induced  by  the  earth's  magnetic  field,  or  a 
combination  of  bcth.  In  the  case  of  a  submarine  hull  both 
causes  are  present  with  a  small  amount  of  permanent 
magnetization  produced  by  hull  stress  in  metal  components 
during  construction  and  stress  caused  by  submarine  diving 
and  surfacing.  This,  however,  is  a  minor  contribution.  The 
most  important  constituent  of  the  submarine  magnetic  moment 
is  due  to  magnetization  induced  in  the  hull  by  the  presence 
of   the   geomagnetic    field.      [Ref.    21] 

The  induced  field  of  a  submarine  depends  on  the 
effective  permeability  along  the  vertical,  athwart ships,  and 
longitudinal     axes    of      the    submarine.  This    information      , 

taken  together  with  the  strength  and  dip  angle  of  th=> 
geomagnetic  field,  yields  a  fairly  precise  calculation  of 
the    magnetic    anomaly    produced   by   the    submarine.       'Depermir.g' 
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Figure   2.4 


Formation  of  Submarine   Caused    Magnetic    Anomalv 
(Simplified   7iew   Near   Equator) 
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of  the  submarine  hull  cancels  oat  the  permanent  hull 
magnetization  leaving  the  induced  magnetization  as  the 
principal  signal  source.   [  Ref.  21] 

The  MAD  signal  is  approximated  as  the  projection  of 
the  submarine  dipole  field  onto  the  geomagnetic  field 
vector.  This  approximation  is  good  because  the  magnitude  of 
the  dipole  field  is  very  much  smaller  than  the  magnitude  of 
the  geomagnetic  field  (a  few  nanoleslas  as  opposed  to 
approximately  50000  nT)  .  Therefore,  whenever  the  dipole 
field  is  perpendicular  to  the  earth's  field  a  region  of  zero 
signal  will  result.  The  signal  recorded  by  the  AN/ASQ-81  or 
other  MAD  equipment  is  a  mapping  along  the  aircraft's  flight 
path  of  "his  signal.  Figure  2.5  qualitatively  describes 
some  aspects  of  the  MAD  signal. 

2  •   Anderson  Functions 

The  submarine  anomaly  signal  shape  is  a  function  of 
the  dip  angle  of  the  geomagnetic  field,  the  magnetic  heading 
of  the  aircraft,  magnetic  heading  :>f  the  submarine  dipole, 
and  the  lateral  range  between  the  aircraft  and  the  subma- 
rine. These  factors  detwermine  the  'A'  coefficients  for  the 
Anderson  functions  below. 

In  1949,  J.  E.  Anderson  of  the  Naval  Air  Development 
Center  determined  that  the  MAD  signal,  obtained  along  any 
course,  consisted  cf  a  linear  combination  of  three  basic 
components.  Different  shaped  signals  could  by  changing  the 
proportions!  contribution  of  these  basic  components.  The 
mathematical  representation  of  these  components  are  now 
referred  to  as  the  Anderson  functions.  Usina  the  dimension- 
less  parameter  'b'  (defined  as  the  distance  traveled  along 
the  aircraft  tracfc  divided  by  the  slant  range  at  closest 
point  of  approach  (CPA)  ,  b=0  at  ~PA)  the  anomaly  can  be 
represented  by 
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Figure   2-5        Qualitative    Aspects    of    SAD  Signal 
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H      12  b2   +  A1  b   +  A0 

Bs    = (2-1a) 

5/2 
Z*         (b2  +1) 

M 

or  Bs    = [AO  fO  (b)  +  A1  f1(b)  +  A2  5  2(b)  ]  (2-1b) 

Z3 

where  H  =  magnetic  moment  of  target  dipole 

Z  =  lateral  range  between  target  and  plane  at  CPA 

fO(b)  = 

5/2 

(b2  ♦   1) 

b 
fl(b)  =   

5/2 
(b2  ♦  1) 


b2 
f2(b)  =   ---« 

5/2 
(bz  «■  1) 


The  strength  of  the  detected  signal  is  seen  to  fall 
off  as  the  cube  of  the  distance  between  the  aircraft  and  the 
target. 

By  analyzing  the  functions  and  their  coefficients, 
it  can  be  shown  that  the  optimum  orientation  for  maximum 
anomaly  signal  detection  is  when  the  aircraft,  target 
dipcle,  and  geomagnetic  field  are  lined  up  together  as 
closely  as  possible.  Specifically,  this  occurs  when  the 
submarine  moment  and  the  aircraft's  track  are  oriented 
North-South.      [ Ref .     14,    21] 

The  Fourier  transform  of  the  component  functions 
were  taken  to  determine  the  frequency  distribution  of  energy 
in  the  MAD  signal.  The  anomaly  signal  components  are  shewn 
in      Figures   2.6      through      2.8       (Anderson)       [Ref.     14].  The 

Fourier  transforms  of  the  signal  components  with  a  platform 
velocity   of    150    knots    are   shown    in   Figure    2.9. 
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'igure   2-7        Basic  SAD  Component    f1{b) 
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3-   The  MAD  Filter  Bandpass 

The  MAD  signal,  being  a  transient,  is  essentially  a 
broadband  (as  opposed  to  a  discrete  frequency)  signal.  The 
frequency  spectra  of  energy  content  shows  how  the  signal  is 
contained  in  a  certain  frequency  range.  In  order  to  screen 
out  unwanted  noise,  bandpass  filtering  is  used  in  processing 
magnetic  anomaly  detections. 

The  major  factors  influencing  the  determination  of 
an  optimum  MAD  filter  frequency  are  aircraft  speed  and  the 
slant  range  from  the  aircraft  to  the  target  at  CPA.  Factors 
exerting  a  minor  influence  include  dip  angle,  aircraft 
heading,  and  target  dipole  orientation. 

The  range  in  frequency  variation  is  about  an  octave, 
with  the  higher  values  occuring  wh?n  the  passes  are  made 
parallel  to  the  axis  of  the  dipole  and  the  lower  when  the 
pass  is  perpendicular  to  the  dipole.  Anderson  empirically 
determined  that  the  center  frequency  of  the  filter  is  given 
by 


0.  4  v 
f   =   (2-2) 

Z 

where      f   =   frequency    in    Hertz 

v   =   aircra ft' velocity    in    ft/sec 
and  2   =   greatest    anticipated   C?A 

range    in    feet 


The  ASQ-81  3andpass  Filter  has  highpass  settings  of 
0.04,  0.06,  0.08,  and  0.1  Hz,  and  l^wpass  settings  of  3.2, 
0.4,  0.6,  and  2.0  Hz  (Orion  Service  Digest  26)  [Hef.  22]. 
There  are  no  recommended  settings  for  normal  operation  since 
background  noise  varies.  The  filter  characteristics  for  the 
0.06  to  0.6  Hz  settings  are  shown  in  Figure  2.10  (Orion 
Service    Digest    28)    [Ref.    23]. 
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The  figure  is  a  representation  of  the  adjustable  band  pass 
filter  of   the   ASQ-81    by    itself.  Other    parts  of    the    ASQ-81 

system  add  in  an  additional  high  pass  filter  which  adds 
another  12  dB/octave  roll  off  to  the  low  frequency  end  in 
Figure  2.10.  Thus  Figure  2.10  would  represent  the  charac- 
teristics of  the  entire  ASQ-81  system  if  the  roll  off  of  36 
d3/octave    is   changed   to   48    dB/octave.       [ Ref .    24] 
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Figure    2.10        ASQ-81    Filter   Characteristics:    0.06   -    0.6    Hz 

Using  equation  2-2,  the  center  frequency  for  a  IAD 
signal  with  a  C?A  slant  range  of  300  feet  and  aircraft 
velocity  of  220  knots  is  0.49  Hz.  Using  a  lcwpass  filter 
setting   above    0.6    Hz    would    not   be   very    useful. 

One  reason  the  ASQ-81  filter  extends  up  to  2.0  Hz 
instead  of  just  0.6  Hz  is  the  following.  The  early  Service 
Test      Engineering    Model      (STEM)       ASQ-81      that    preceeded      the 
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current  ASQ-81  production  model  had  two  bandpass  filters, 
one  adjustable  from  .04  to  .6  Hz,  an3  the  ether  fixed  at  .75 
to  10  Hz.  During  tests,  the  .75  to  10  Hz  channel  proved  to 
be  helpful  in  monitoring  the  STEM  ASQ-81  "system"  noise 
level.  During  design  reviews  for  the  production  ASQ-81,  it 
was  decidsd  that  it  might  be  useful  to  retain  the  ability  to 
monitor  "system"  noise.  In  order  to  do  this  easily,  the  .75 
to  10  Hz  band  was  dropped  and  a  2  Hz  position  was  added  to 
the    adjustable    filter.      [Ref.    24  ] 

The  center  frequency  at  1200  feet  and  160  knots  is 
.09  Hz.  Consequently,  the  highpass  filter  settings  could 
affect  slower,    longer   range    MAD    detections. 

The  choice  of  the  highpass  (lower  end  of  bandpass) 
settings  have  to  be  made  after  considering  th?  noise  present 
at   time   of    system   operation. 
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III.       SOURCES    OF    MAD    NO IS E 

A.       INTRODUCTION 

On  a  practical  level  MAD  noise  is  defined  as  magnetic 
disturbances  falling  within  the  MAD  passband  (0.04  to  2.0 
Hz,  or  since  0.6  Hz  is  the  normal  upper  limit,  0.04  to  0.6 
Hz)  and  having  an  amplitude  greater  than  0.0  1  nanoTeslas 
(the    system   sensitivity   of    the   AN/ASQ-31    MAD   system) . 

MAD  noise  sources  can  be  divided  into  the  following 
categories : 

-Equipment    Noise 

-Aircraft   Platform   Noise 

-Aircraft   Manuever    Noise 

-Gradient      Noise      Due     to        Aircraft      Motion      Through     the 
Geomagnetic   Field 

-Geologic   Noise 

-Noise    from   Mind    Waves   and   Swells 

-Geomagnetic  Noise 

3.       SENSOR,    PLATFORM    AND    MANUEVER    NOISE 

Sensor  noise  is  the  self-noise  generated  by  the  opera- 
tion of  the  equipment  itself.  This  can  be  partially  due  to 
the  fact  that  the  detector  element  is  misaligned  with 
respect  to  the  geomagnetic  field  vectcr.  Changes  in  lamp 
intensity,  photodetector  noise  and  noise  in  the  electronic 
circuits  can  also  contribute  to  sensor  noise  [Ref.  21].  The 
self-noise    limitation    of    the   ASQ-81    is    0.01    nT. 

Platform  noise  is  generated  by  components  fixed  to  the 
aircraft  in  the  vicinity  of  the  sensor  [Ref.  23]. 
Permanent,         induced   and      eddy-current      magnetic    fields      ire 
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associated  with  the  airframe.  Permanent  magnetic  fields  are 
due  to  aircraft  structure  or  equipment  having  ferromagnetic 
parts.  This  field  changes  its  orientation  with  respect  to 
the  geomagnetic  field  vector  as  the  aircraft  manuevers, 
causing    field    fluctuations    near    the    magnetometer. 

Platform  noise  is  also  induced  ia  aircraft  ferromagnetic 
structures  by  the  geomagnetic  field.  Similarly,  eddy-cur- 
rents are  induced  in  aircraft  skinr  ribs,  and  frames,  and 
these  currents  ,  in  turn,  cause  additional  magnetic  fields. 
Thus,  rapid  aircraft  manuevers  will  induce  changes  in  the 
magnetic    field   sensed    by   the   magnetometer. 

Platform  noise  in  aircraft  mounted  sensors  is  countered 
by  applying  equal  and  opposite  magnetic  fields  to  the  sensor 
in   a      process   called   compensation.  Towed    HAD      systems    are 

essentially   free   from   this    type   of  noise. 

C.       GRADIENT    NOISE 

Gradient  noise  can  be  divided  into  turn  noise  and  ncise 
due    to   changes    in   altitude. 

Turn  noise  is  a  problem  when  'HAD  trapping*  or  using  HAD 
for  tracking  a  target.  The  earth's  magnetic  field  has  a 
horizontal  gradient  (in  this  case  the  magnitude  varying  with 
latitude).  As  the  aircraft  moves  in  the  direction  of  the 
gradient  the  field  strength  changes.  The  noise  due  tc  a  MAD 
trapping  or  hunting  circle  is  centered  in  frequency  at  the 
reciprocal  of  the  time  taken  to  complete  one  revolution.  In 
the  case  of  a  two-minute  circle,  the  noise  would  be  centered 
at  0.00833  Hz,  well  below  the  filter  used  in  the  ASQ-31. 
The  horizontal  gradient  noise  dae  to  flying  a  clcverleaf 
pattern,  for  the  most  part,  also  falls  below  the  MAD 
passband.      [Ref.    21] 

Vertical  gradient  noise  is  due  to  changes  in  sensor 
altitude.         An   altitude      gradient    of    up    to    0.005      to    0.01    nT 


per  foot  exists  in  the  earth's  main  field.  In  areas  of 
geological  anomalies  this  gradient  is  even  larger.  Fast 
altitude  or  aircraft  pitch  changes  can  cause  a  magnetic 
field  fluctuation  of  sufficient  amplitude  to  be  of  concern. 
To  avoid  vertical  gradient  noise,  altitude  compensation 
equipment  is  used.   [Bef.  23] 

D.   ENVIRONMENTAL  NOISE 

Magnetic  noise  from  sources  existing  in  the  natural 
environment  include  geologic  noise,  temporal  variation  in 
the  earth1 s  magnetic  field,  and  noise  due  to  ocean  waves  and 
swells. 

Geologic  noise  has  its  source  in  naturally  occuring 
magnetic  anomalies  caused  by  magnetic  material  present  in 
the  earth1  s  crust.  When  t  h«=>  sensor  passes  over  geological 
anomalies,  the  relative  motion  causes  a  MAD-like  signal  to 
be  recorded.  Geologic  noise  is  usually  more  pronounced  in 
shallow  water  as  the  sensor  is  much  closer  to  the  source  of 
the  noise.  Geological  magnetic  anomalies  are  often  associ- 
ated with  such  oceancgraphi c  features  as  seamounts  and  ocean 
ridges. 

Sea  water  is  a  conducting  medium  which  is  transported  by 
the  physical  motion  of  water  waves  in  the  presence  of  the 
geomagnetic  field.  This  motion  induces  currents  in  the  sea. 
These  currents  give  rise  to  secondary  magnetic  fields,  which 
add  vectorially  to  the  guasistatic,  geomagnetic  field 
(Weaver)  [Hef.  25].  These  fields  can  be  detected  at  signif- 
icant distances  above  the  sea  surface  and  fall  off  exponen- 
tially with  altitude.  Figure  3.  1  is  a  plot  for  several 
surface  wave  periods  of  the  induced  magnetic  field  per  meter 
amplitude  of  the  surface  wave.  These  induced  fields  can  be 
a  problem  at  the  low  altitudes  where  M.\D  is  used. 


50 


500  +00  Soo 


Figure   3.1        Induced   Magnetic  Field   per    Meter   of    flaveheight 
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E.       GEOMAGNETIC    NOISE 

Temporal  variations  in  the  earth's  magnetic  field  with 
frequencies  in  the  MAD  bandpass  and  amplitudes  greater  than 
0.0  1  nT  have  become  known  as  geomagnetic  no  is 5  in  the  MAD 
literature. 

Quiet  daily  variations,  such  as  the  Sq  and  L  variations, 
have  periods  sufficiently  long  to  fall  far  below  the  MAD 
passband. 

Geomagnetic  storms  have  been  discussed  previously. 
Rapid  fluctuations  with  high  amplitude  and  falling  within 
the  MAD  passband  occur  in  connection  with  geomagnetic 
storms. 

Geomagnetic  micro gul sat  ions  comprise  the  last  category 
of   geomagnetic   noise    to   be    discussed. 

1 .      Geomagnetic   Micropa lsations 

Geomagnetic  micropulsat ions  are  rapid  fluctuations 
of  the  earth's  magnetic  field  with  periods  from  0.2  seconds 
to  10  minutes  and  amplitudes  from  about  0.1  nT  to  as  high  as 
a  few  tens  of  nT's.  These  fluctuations  are  caused  by  elec- 
tromagnetic perturbations  propagating  in  the  magnetosphere 
as   hy dromagnetic  waves    (Nishida).      [Ref.    26] 

Micropulsaticns  are  classified  by  morphology,  that 
is,  by  examining  periods,  amplitudes,  times  of  occurence  and 
other   observed   characteristics.  Micropulsations   have   been 

placed  into  two  broad  categories:  irregular  and  continuous. 
The  irregular  pulsations  are  represented  by  the  symbol  Pi, 
and  the  continuous  pulsations  by  Pc.  Table  II  shows  the 
breakdown   by   period  of  the    various   micropulsation    classes. 

It  can  be  seen  that  for  MAD  geomagnetic  noise  the 
lower  frequency  ?c1,  Pc2,  Pc3,  and  ?i1  pulsations  are  of 
interest. 
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TABLE    II 
Geomagnetic  Micropulsation    Classes 


NOTATION  PERIOD  (sac)          AVERAGE    AMPLITUDE  (nT) 

Pel  0.2    -5.0  0.05    -    0.  1 

Pc2  5-10                           0.1    -    1.0 

Pc3  10    -      45                          0. 1    -    1.0 

Pc4  45    -    150                          0.1    -    1.0 

Pc5  150-600                               1-10 

Pi1  1    -      40  0.05    -    0.1 

Pi2  40    -    150                              1-5 


(after    Jacobs) 


Pel  pulsations  are  regular  sinusoidal  oscillations 
with  periods  norraallly  falling  in  the  0.3  to  4  second  (0.25 
to    3.33    Hz    frequency)       range.  Pel's    may   start    as   separate 

bursts  and  gradually  develop  into  a  series  of  pulsations 
which  could  last,  for  hours.  They  may  also  occur  as  consecu- 
tive groups  of  pulsations  with  sharply  varying  frequencies. 
The  average  amplitude  of  Pel's  is  0.05  to  0.1  nT  and  they 
tend  to  have  a  single  well  defined  frequency.  Pel  pulsa- 
tions with  frequency  less  than  0.5  Hz  are  more  common  a-': 
high  latitudes  than  at  mid  latitudes.  These  pulsations 
occur  in  the  daytime  in  the  auroral  zone,  and  at  night  and 
early  morning  hours  in  lower  latitudes.  Pel's  are  charac- 
teristic of  the  quiet  and  weakly  disturbed  states  of  the 
geomagnetic  field  and  show  an  increase  in  activity  one  to 
two  hours  before,  and  four  to  seven  days  after,  a  magnetic 
storm.      [Ref .    6  ] 

Pc2  and  Pc3  pulsations  are  grouped  together  in  most 
characteristics.  The  amplitudes  of  the  oscillations  are 
usually  under  0.5  nT  and  the  typical  frequency  range  is  0.03 
to  0.2  Hz.  These  pulsations  are  normally  found  during  the 
day  with  their  activity  reaching  a  maximum  around  noon.  ?c3 
pulsations  show  a  seasonal  variation  with  a  minimum  of 
activity   occuring    during    winter. 
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Pc4  and  Pc5  are  large  amplitude  fluctuations,  but 
fall    below    the   frequency    band   of    interest    for    MAD. 

Pi  1  pulsations  have  an  irregular  forra  with  an 
average  amplitude  of  0.01  to  0 . 1  nT  and  a  frequency  mainly 
in  the  0.10  to  0.17  Hz  range.  Spectral  analysis  of  these 
pulsations  show  a  braod  band  of  frequencies.  Pi  1  amplitudes 
have  maximum  values  in  the  auroral  zones,  with  the  intensity 
of  the  pulsations  decreasing  with  decreasing  latitude. 
Pi1  *  s  are  normally  observed  in  the  late  night  and  early 
morning  hours,  and  show  an  increase  in  activity  with 
increased   geomagnetic   field    disturbance.      [Hef.    6] 

Geomagnetic  micropulsations  can  be  observed  anywhere 
on  the  globe,  at  various  times  of  day  and  year,  and  in  both 
quiet    and    disturbed   geomagnetic    field    conditions. 
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IV.   METHODS  OF  EVALUATING  GEOMAGNETIC  ACTIVITY 

A.  INTRODUCTION 

Previous  chapters  have  defined  geomagnetic  activity  as 
it  applies  to  Magnetic  Anomaly  Detection.  In  -his  chapter, 
methods  of  evaluating  that  activity  will  be  examined, 
including  methods  currently  in  use  by  the  fleet. 

B.  GEOMAGNETIC    INDICES 

A  geomagnetic  index  is  simply  a  measure  used  to  quantify 
and  describe  time  variations  of  the  earth's  magnetic  field 
resulting      from      solar-terrestrial        relationships.  These 

indices  are  commonly  used  to  express  the  intensity  and 
depict  the  character  of  geomagnetic  activity  throughout  the 
day. 

For  the  most  part,  geomagnetic  indices  developed  as 
range  indices,  measuring  the  difference  between  the  high  and 
low  values  for  different  field  components  measured  during 
the  day  by  magnetic  observatories  (Lincoln)  [Ref.  27].  Most 
current  indices  are  of  the  range  type,  but  ether  indices 
have  been  developed  which  are  more  subjective  or  qualitative 
in   nature. 

Geomagnetic  indices  are  designated  by  a  letter  code  such 
as:  C,  Ci,  Cp,  C9,  Q,  R,  H  measure,  Dst,  K,  Ks,  Kp,  ak,  A*, 
ap,    and    Ap.      There    are  addi tonal    indices    in    use. 

The  Cr  Ci ,  Cp,  and  C9  indices  are  daily  magnetic  field 
character  figures.  The  C  index  is  the  daily  character 
figure  for  a  single  observatory.  In  this  scale,  C=0  indi- 
cates a  guiet  day,  C= 1  a  moderately  disturbed  day,  and  C=2  a 
heavily    disturbed      day.         The  daily      international    character 
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figure,  Ci ,  is  the  arithmetic  mean  of  the  C  indices  reported 
by  participating  observatories  around  the  world.  Cp,  the 
daily  planetary  character  figure,  is  similar  to  Ci,  except 
that  it  is  derived  from  the  values  of  Kp  and  ap.  C9  is  a 
contracted  scale  for  Ci  an  Cp  with  single  digit  values 
running   from   0   to   9    (Bartals).      [Ref.    28]. 

The  Q  and  R  indices  ire  quarter-hourly  and  hourly  range 
indices  respectively,    taken    at   high   latitude   stations    only. 

The  R  measure  is  an  index  of  the  equatorial  electro jet. 
Dst  is  a  measure  of  ring  current  effect.  They  are  both 
amplitude   indices.      [Ref.    27] 

1 •      K#    a,    and    A    Indices 

The  K,  Ks,  K? ,  ak,  Ak,  ap,  and  Ap  indices  comprise  a 
group   of      related    3-hour   range   indices.  The   EC    index      is   a 

single  station  code  using  a  quasi-logarithmic  scale  from  0 
to    9      to    measure    geomagnetic   activity.  The   value    of      K   is 

determined  by  first  determining  the  difference  between  the 
lowest  and  highest  deviations  from  the  regular  daily  varia- 
tion (Sq)  during  a  3-hour  period.  This  range  (in  nT)  is 
converted  to  the  K  scale  based  on  the  historical  activity 
ranges  at  the  particular  observatory  involved  [Ref.  27], 
The  conversion  for  the  Fredericksburg,  Virginia  observatory 
is  given  in  Table  III.  This  conversion  can  also  be  applied 
to   the   USAF/NOAA   observatory  in    Boulder,    Colorado   [Ref.    29]. 

The  Ks  index  is  a  standardized  K  index  which  is 
freed  from  local  variations  and  is  then  used  to  determine 
the    planetary    3-hour    index,     Kp. 

The  equivalent  three-hour-range,  ak,  is  a  conversion 
of  the  K  index  as  shown  in  Table  IV.  In  order  to  detemine 
the  units  of  ak  for  a  particular  observatory,  divide  the 
lower   range   limit      of    K=9   by   250.  Thus    for   ?r rdericksburg 

and    3ouider,    ak    is    in    2-nT    units. 
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TABLE  III 
Conversion  from  Bangs  to  K  for  Fredericksburg,  7a. 


K  Rar.ge(nl) 

0  0-5 

1  5-10 

2  10-20 

3  20    -   40 

4  40-70 

5  70    -    120 

6  120    -    200 

7  200    -    330 

8  330    -   500 

9  >500 


(after   Lincoln) 


TABLE    IV 
Equivalent    Range  ak   for    Given   K 


K0123U56789 
ak      0  3  7         15         27         48         80       140      240      400 


(after   Lincoln) 


Ak  is  the  eguivalent  daily  amplitude  and  is  the 
average  of  the  eight  daily  ak  values  at  a  particular  observ- 
atory. This  index  is  promulgated  using  the  name  of  the 
observatory,  the  Ak  index  for  Fredericksburg  is  known  as  the 
A-?redericksburg   or   A-Fred    index. 

The  equivalent  planetary  amplitude,  ap ,  is  deter- 
mined from  the  Kp  index  in  a  fashion  similar  zc  that  of 
determining  ak  from  the  K  indices.  The  eight  ap  values  for 
a  given  day  can  then  be  averaged  into  the  daily  equivalent 
planetary  amplitude  A  p.  These  two  indices  are  given  in  2-nT 
units . 
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C.   GEOMAGNETIC  INDICES  IH  FLEET  USE 
1 •   Current  Usag^e 

Geomagnetic  indices  of  interest  in  connection  with 
MAD  operations  are  the  K,  A  k,  and  Ap  indices. 

Fleet  operators  utilize  the  "alpha  Index'  for 
perdicting  geomagnetic  activity  over  the  entire  world 
[Ref.  30].  This  index  is  promulagated  by  the  Fleet 
Numerical  Ocenaographic  Canter,  Monterey,  California,  in  the 
environmental  briefings  received  by  aircrew  personnel.  This 
index  is  the  Ap  index  as  sent  out  from  the  Space 
Environmental  Services  Center,  Boulder,  Colorado  in  the 
Joint  OSAF/NOAA  Report  of  Solar  and  Geophysical  Activity 
[Ref.  31]. 

The  Boulder  K  index  is  available  to  interested 
parties  by  telephone  recording  and  in  the  wwv  and  WWVH  radio 
broadcasts  and  is  therefore  available  to  fleet  users 
[Ref.  32]. 

The  Ak  index  for  the  Fredericksburg,  Virginia 
observatory  has  been  used  in  studies  of  geomagnetic  activity 
as  applied  to  Magnetic  Anomaly  Detection  [Ref.  33]. 

2-   Theoretical  Applica  bility  of  A  and  K  Indices  to  *1AD 

With  the  widest  useful  filter  settings,  the  MAD 
bandpass  ranges  from  0.04  to  0 . 6  Hz  (1.7  to  25  seconds  in 
period).  As  such,  in  order  for  a  geomagnetic  index  to  be 
directly  applicable  for  MAD  use,  it  should  be  sensitive  to 
that  frequency  range. 

The  K  indices,  and  the  K-derived  A  indices,  are  not 
especially  sensitive  to  the  MAD  range.  Mayaud  [Ref.  34] 
indicates  that  these  indices  are  mainly  sensitive  to  fluctu- 
ations whose  periods  are  much  longer  than  the  lower  end  of 
the  frequency  range  analyzed,  that  is,  a  frequency  corre- 
sponding to  a  period  of  45  minutes  (0.0004  Hz). 
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One  reason  for  this  lack  of  sensitivity  for  MAD 
bandpass  geomagnetic  noise  is  that  the  amplitude  of  geomag- 
netic fluctuations  varies  inversely  with  frequency,  so  -hat 
the  amplitude  of  the  fluctuation  increases  as  the  as  -he 
frequency    decreases.  It    can     therefore   be      seen   that      the 

fluctuations  with  periods  of  an  hour  or  greater  largely 
determine  the  variation  range  used  to  calculate  the  K  index. 
The  activity  driving  the  K  and  A  indices,  will,  because  of 
band  pass  filtering,  not  even  be  observed  by  the  MAD  system, 
and  the  activity  of  interest  to  MAD  might  not  influence  the 
K  or  A  indices  at  all.  It  can  be  concluded  that  there  is  no 
direct  physical  link  between  MAD  geomagnetic  noise  and 
either  the    K  or    A   indices.      [Ref.    35] 

3-      l££erimental    Correlation   of    A    and   K    Indices   with    MAD 
Band   Noise 

a.      ASQ-10A   Study 

Brennan  and  Slits  [Ref.  33]  found  that  geomag- 
netic micropulsation  activity  was  recorded  at  their  ASQ-1QA 
MAD  magnetometer  site  in  Maryland,  when  the  A-Fredericksburg 
index  was  greater  than  25.  This  occared  everytime  they  were 
recording  data  with  A-Fred  greater  than  25.  It  is  important 
tc  note  that  they  observed  additional  activity  during  some 
periods    when   A-Fred    was   less   than    25. 

The  3rennan  and  Smits  study  tends  to  validate 
the  use  of  the  A  indices  as  at  least  qualitative  indications 
of  geomagnetic  noise  in  the  MAD  bandpass.  Their  study, 
however,  was  specific  to  the  ASQ-10A  magnetometer  system 
which  has  a  sensitivity  of  0.1  nT  as  opposed  to  the  0.01  nT 
sensitivity  of  the  ASQ-81  system.  The  effect  of  the  ASQ-10 
sensitivity  is  to  filter  out  most  Pel  pulsations.  \s  ?d 
pulsations  do  not  correlate  well  with  the  A  and  K  ir.  iices, 
the    filtering   out   of   these    pulsations    would   tend    to    increase 
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the  reliability  of  the  A-Fred  or  Ap  indices  as  measures  of 
HAD      geomagnetic  noise-  Mason  [Hef.    36]      stated   that      the 

"occurence  of  Pel  is  well  known  to  b°  associated  with  lew  Kp 
values."  It  should  be  noted  that  an  operational  drawback  of 
the  filtering  out  of  Pel  pulsations  by  the  &SQ-10A  is  that 
the  system  also  filters  out  valid  signals  of  less  than  0.1 
nT   amplitude. 

While  information  has  been  presented  that 
suggests  the  the  A-Fred  index  can  be  useful  for  MAD  geomag- 
netic noise  evaluation  for  the  AN/AS2-10A  system,  sufficient 
data  was  not  presented  to  draw  conclusions  for  index  usage 
with    the    AN/ASQ-81    system. 

b.       ASQ-81    Study 

For      two        weeks      in      April       1976,  Naval      Air 

Development  Center  personnel  operated  a  geomagnetic  observa- 
tory at  the  Atlantic  Undersea  Test  and  Evaluation  Center  in 
the  Bahamas.  The  primary  magnetometer  used  for  this  observ- 
atory was  the  ASQ-81  magnetometer.  One  purpose  of  this 
observatory  was  to  compare  the  K  index  (as  determined  by  the 
San  Juan  Observatory)  with  geomagnetic  activi-y  in  the  MAD 
band  pass.  The  conclusion  of  this  study  was  that  the  K-San 
Juan  index  did  not  correlate  with  geomagnetic  noise  in  the 
MAD    band   pass.      [Ref.    37] 

We  have  undertaken  a  correlation  analysis  using 
the  Fisher  Z  transformation  [Ref.  38]  of  the  NADC  data 
furnished  to  us  by  Ochadlick.  The  data  used 
Tables   V   and    VI. 
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TABLE    V 
Observed   AUTEC   Data  and   Indices,    April    11-18,    1976 


Juan 


Date 

Time  (Z) 
03  00 

K-San 

11 

1 

11 

0600 

2 

11 

1500 

2 

12 

00  00 

2 

12 

03  00 

3 

12 

06  00 

3 

12 

1500 

0 

12 

1800 

1 

13 

0000 

2 

13 

03  00 

2 

13 

06  00 

0 

13 

09  CO 

1 

13 

12  00 

1 

13 

1500 

0 

13 

18  00 

2 

13 

2100 

3 

14 

0000 

2 

14 

03  00 

2 

14 

06  00 

2 

14 

09  00 

2 

14 

2100 

3 

15 

00  00 

0 

15 

03  00 

0 

15 

06  00 

0 

15 

09  00 

1 

15 

12  00 

0 

15 

15  00 

0 

15 

1800 

1 

15 

2100 

1 

16 

00  00 

1 

16 

03  00 

3 

16 

/    06  00 

3 

16 

09  00 

2 

16 

12  00 

0 

16 

15  00 

0 

16 

18  00 

1 

16 

2100 

2 

17 

00  00 

1 

17 

03  00 

3 

17 

06  00 

1 

17 

09  00 

0 

17 

12  00 

0 

17 

15  00 

1 

17 

1800 

1 

18 

00  00 

0 

18 

09  00 

0 

18 

1200 

0 

18 

1500 

0 

18 

2100 

0 

Maximum 

B 

Amplitude  (nT) 
0.17 

12 

0.14 

12 

0.62 

9 

0.21 

9 

0.28 

9 

0.28 

9 

0.23 

9 

0.44 

13 

0.39 

13 

0.80 

13 

0.80 

13 

0.24 

13 

0.30 

13 

0.31 

13 

0.30 

13 

0.51 

15 

0.07 

15 

0.13 

15 

0.24 

15 

0.26 

15 

0.26 

4 

0.16 

4 

0.07 

4 

0.05 

4 

0.09 

4 

0.24 

4 

0.15 

4 

0.19 

4 

0.30 

8 

0.  1  1 

8 

0.48 

3 

0.09 

8 

0.  12 

8 

0.19 

8 

0.24 

8 

0.12 

8 

0.30 

5 

0.1  1 

5 

0.  14 

5 

0.10 

5 

0.0U 

5 

0.08 

5 

0.  10 

5 

0.07 

2 

0.07 

2 

0.18 

2 

0.10 

2 

0.10 

2 

0.07 

atter 

Ochadiick) 
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TABLE  VI 
Observed  AUTEC  Data  ana  Indices,  April  19-24,  1976 


Juan 


ate 

Time  (Z) 
00  00 

K-San 

19 

1 

19 

0300 

1 

19 

06  00 

1 

19 

09  00 

1 

19 

1200 

0 

19 

1500 

0 

19 

18  00 

1 

20 

0300 

1 

20 

06  00 

0 

20 

09  00 

0 

20 

1200 

0 

20 

15  00 

0 

20 

18  00 

1 

20 

2100 

0 

21 

0000 

0 

21 

03  00 

0 

21 

06  00 

1 

21 

09  00 

0 

21 

1200 

0 

21 

18  00 

1 

22 

00  00 

3 

22 

06  00 

4 

22 

09  00 

3 

22 

12  00 

1 

22 

2100 

2 

23 

00  00 

2 

23 

03  00 

2 

23 

06  00 

1 

23 

0900 

0 

23 

1200 

1 

23 

1500 

1 

23 

1800 

1 

23 

2100 

2 

24 

03  00 

2 

24 

06  00 

3 

24 

0900 

2 

24 

1200 

1 

Maximum 

is 

Amplitude  (nT) 

"     0.26 

5 

0.16 

5 

0.05 

5 

0.07 

5 

0.05 

5 

0.10 

5 

0.1  1 

2 

0.05 

2 

0.04 

2 

0.08 

2 

0.08 

2 

0.06 

2 

0.07 

2 

0.07 

5 

0.12 

5 

0.04 

5 

0.1  1 

5 

0.  14 

5 

0.06 

5 

0.  1  1 

19 

0.10 

19 

0.32 

19 

0.21 

19 

0.36 

19 

0.45 

3 

0.12 

8 

0.17 

8 

0.05 

8 

0.15 

8 

0.08 

8 

0.17 

8 

0.0  9 

8 

0.17 

16 

0.33 

16 

0.21 

16 

0.03 

16 

0.14 

(after   Ochadlick) 


The  largest  psak-to-peak  fluctuations  observed 
on  the  ASQ-81  magnetometer  in  a  three  hour  period  was 
compared  to  the  K-San  Jaan  index  for  that  period.  Data 
points  with  fluctuations  greater  than  1.0  nT  were  deleted  as 
the  observatory  did  not  record  that  information.  The  sample 
coefficient  of  linear  correlation  was  0.34  with  the  .95 
confidence    interval      for    the   actual      correlation    cceff icier.-. 


being  from  0.14  to  to  0.52.  Sample  size  was  86.  This  indi- 
cates that  there  is  at  most  a  weak  correlation  between  the 
observed  data  and  the  K-San  Juan  index.  A  much  greater 
correlation  would  be  required  for  the  K  index  to  be  of  any 
significant   value   for   MAD   operational    use. 

The  coefficient  of  correlation  has  values  from 
-1.0  to  1.0.  A  value  of  -1 . 0  or  1.0  indicates  perfect 
negative  or  positive  correlation,  respectively.  A  value  of 
zero    signifies   no  correlation   at  all. 

A  similar  correlation  analysis  against  the  Ap 
index  was  conducted.  The  sample  correlation  coefficient  was 
0.5  1  wizh  the  .95  confidence  interval  for  The  actual  coeffi- 
cient of  correlation  being  from  0.32  to  0.65.  Again,  this 
signifies  that,    only   a    weak    correlation    was   observed. 

The  weak  correlation  between  observed  geomag- 
netic activity  and  the  K-San  Juan  in.dex  suggests  that  -.his 
index  would  not  be  very  useful  in  describina  MAD  geomagnetic 
noise,  as  this  K  index  reflected  activity  similar  to  that  in 
rhe  band  of  interest  only  about  one-third  of  the  time.  The 
stonger  correlation  of  the  Ap  index  indicates  that  it 
reflected  activity  similar  to  MAD  geomagnetic  noise  about 
one-half  of  the  time.  This  is  still  not  a  very  good  indica- 
tion   of    whaT    is    going    on    in    the    MAD   band   pass. 

c.      Power   Spectral    Density   Evaluation 

As  part  of  ongoing  research  at  the  Naval 
Postgraduate  School,  geomagnetic  activity  data  in  the  range 
of  the  MAD  band  pass  has  been  collected  and  analyzed  in  the 
form    of    power   spectral  density    (PSD)     curves. 

A  measure  of  MAD  band  activity  has  been  devel- 
oped by  integrating  under  the  PSD  curve  and  using  compromise 
band  pass  limits  of  0.05  and  1.0  Hz.  This  Type  of  index  is 
discussed   in   depTh    laTer. 
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Two  sets  of  data  ware  analyzed.  One  set  was 
taken  using  an  induction  coil  to  measure  the  fluctuations  in 
one  direction  during  May,  1980  [Ref.  39]  and  August  to 
October,  1981  [Ref-  40]-  The  other  data  sat  was  collected 
using  a  Cesium  vapor  toatal  field  magnetometer  during  the 
July   to  October,    1980    period  [Ref.    41]. 

Correlation  analysis  of  the  single-coil  system 
data  yielded  a  sample  correlation  coefficient  of  0.401  for 
the  K-Fredericksburg  index,  0.180  for  the  A-Fredericksburg 
index  and  0.155  for  the  Ap  index.  Sample  size  was  9.  The 
.95  confidence  intervals  for  the  correlation  coefficient  for 
K-Fred,  A-Fred,  and  Ap  ware  -.36  to  .85,  -.55  to  .76,  and 
-.56  to  .75,  respectively.  The  data  for  this  test  is 
presented   in   Table   VII. 

TABLE   VII 
Single   Coil  RMS    Noise    Data    and  Indices 


1 

21 

25 

25 

25 

4 

5 

5 

5 


RMS    Noi 

se 

Date 

Time  (2) 

Amd  itude 

(nl) 

K-Fred 

A-Fred 

Ap 

May    80           1800 

"     0.  10 

3 

10 

8 

Aua    8' 

!           2045 

0.05 

2 

12 

14 

Aug    8' 

!           0235 

0.  12 

3 

15 

16 

Auq    3' 

!            0745 

0.  19 

3 

15 

16 

Aua    8 

I            1318 

0.05 

3 

15 

16 

Oct    8' 

!            1830 

0.06 

3 

17 

17 

Oct    8' 

I           0155 

0.  12 

1 

7 

7 

Oct    8' 

!            0630 

0.09 

3 

7 

7 

Oct    8' 

I            1530 

0.02 

0 

7 

7 

The  Cesium  vapor  magnetometer  data  yielded 
sample  coefficients  of  correlation  of  0.552,  0.374,  and 
0.U44  for  the  K-Fred,  A-Fred,  and  Ap  indices,  respectively. 
The    sample    size    was    14.  The   .95    confidence   intervals    were 

for  K-Fred  from  .03  to  .84,  A-Fred  from  -.20  to  .76,  and  for 
Ap  from  -.12  to  .79.  The  Cs  vapor  magnetometer  data  is 
oresented   in   Table   VI II. 
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K-Fred 

A- Fred 

Ap 

6 

31 

45 

2 

7 

8 

2 

7 

8 

1 

6 

6 

1 

6 

6 

2 

19 

26 

2 

19 

26 

3 

17 

21 

4 

17 

21 

a 

17 

21 

3 

17 

21 

3 

17 

21 

3 

17 

21 

3 

17 

21 

TABLE    VIII 
Cs    Vapor   RMS    Noise    Data   and   Indices,    Jul-0ct,1980 


RMS    Noise 
Date  Time  (?)       Ampl  itude  (nT) 

25   Jul  1800-1830  0.  10 

30   Jul  1450-1520  0.06 

30  Jul  1520-1551  0.07 

31  Jul  1450-1520  0.05 
31  Jul  1520-1555  0.04 
16  Aug  0030-0100  0.05 
16  Aug  0900-093  0  0.04 
18  Oct  02  30-030  0  0.06 
18  Oc^  0300-0330  0.06 
18  Oct  0630-0700  0.04 
18  Oct  1030-1  100  0.04 
18  Oct  1100-1130  0.05 
18  Oct  1230-1300  0.04 
18    Oct  1300-1330  0.04 


Although  the  sample  sizes  used  were  too  small  to 
draw  any  meaningful  conclusions,  there  is  little  evidence  to 
suggest  that  any  of  the  K-Fred,  A-Fred,  or  Ap  indices  is  a 
very  accurate  measure  of  geomagnetic  noise  in  the  ASQ-8  1  HAD 
band    pass. 

d.      Correlation  Conclusions 

Although  some  weak  correlation  does  exist 
between  the  K  indices,  the  A-Fred  index,  the  Ap  index  and 
geomagnetic  noise  in  the  HAD  band  pass,  this  correlation  is 
incidental  and  indirect,  being  the  result  of  a  correlation 
between  the  activity  in  the  MAD  band  and  in  the  lower 
freguency  activity  that  influences  the  K  and  A  indices. 
These  indices  are  not  directly  influenced  by  activity  in  the 
MAD  band.  The  correlation  that  does  exist  does  not  appear  to 
be  sufficiently  high  to  enable  these  indices  to  yield  accu- 
rate indications  of  the  actual  MAD  band  activity.  The  use 
of  these  indices  for  anything  except  the  roughest  qualita- 
tive estimation  of  ac-ive  in  the  MAD  band  pass  is  no- 
recommended. 
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D.       PROPOSED    GEOMAGNETIC    INDICES    FOR    MAD 

Overall  geomagnetic  acitivity  is  analyzed  in  both  the 
time   and   frequency   domains.  Geomagnetic   noise    indices   for 

the  MAD  band  pass  could  be  developed  in  either  of  these 
domains. 

The  spatial  coherence  of  MAD  geomagnetic  noise  has  not 
yet    been   adequately   determined.  This    information   would    be 

necessary  in  order  to  determine  the  number  and  location  of 
mini-observatories    for  an   operational    MAD   noise   index. 

1 •      Time   Series   Anal /si s 

One  way  to  develop  an  index  of  MAD  geomagnetic 
activity  would  be  to  establish  mini-observatories  near  bases 
from  which  MAD  operations  are  conducted.  These  observato- 
ries would  use  ASQ-81  magnetometers  or  different  magnetome- 
ters with  ASQ-81  filter  networks,  and  could  in  real  time 
record   the      geomagnetic   noise  in      the    MAD   band.  A    measure 

such  as  the  maximum  peak- to- peak  (or  possibly  the  average 
peak-to-peak)  noise  in  a  given  time  period  could  then  be 
disseminated  to  flight  crews  operating  in  the  area  covered 
by  that  index.  Obviously,  the  spatial  coherence  of  MAD  band 
activity  is  important  in  making  such  a  system  work.  This 
type  of  mini-observatory  has  been  suggested  by  References  31 
and    3  5. 

2-      Frequency    Domain    Index 

Present  fleet  procedures  examine  MAD  noise  such  as 
system  and  manuever  noise  in  terms  of  the  amplitude  of  the 
fluctuation  [Ref.  30].  An  index  of  geomagnetic  noise  in  the 
MAD  band  pass  would  therefore  be  of  greatest  usefulness  to 
the  fleet  operator  if  it  were  in  units  of  the  amplitude  of 
the    signal   as   seen    by    the   MAD  equipment. 
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The  method  proposed  to  derive  a  MAD  noise  index  in 
the  frequency  domain  begins  with  obtaining  the  power  spec- 
tral density  of  the  activity  in  the  MAD  band  by  Fourier 
analysis  of  the  time  series  lata  input  from  the 
magnetometer. 

By  intergrating  under  the  PSD  curve  over  the  limits 
of  the  MAD  bandpass,  a  value  in  units  of  amplitude2  will 
result.  Taking  the  square  root  of  this  value  will  yield  an 
RMS  amplitude.  Equation  4-1  represents  the  derivation  of 
this  index. 


MAD  Index  =     PSD(f)df)  (4-1) 


where      MAD   Index   is    in   nT    (qammas) 
f  =   frequency    (Hz) 
u   =   upper    bandpass   limit 
1   =    lower    bandpass   limit 

and   ?SD(f)    =   power    sr>ec£ral   density 
(nTVhzf 

The  characteristics  of  the  MAD  filter  (the  filter 
not  being  an  ideal  bandpass  filter)  could  be  applied  prior 
to  the  integration.  The  integration  itself  could  be  done  by 
either  a  point-by-point  numerical  integration  or  by  first 
modelling  the  PSD  curve  by  polynomial  curve  fitting  and  then 
integrating  the  polynomial  over  the  range  of  the  band  pass. 
It  is  anticipated  that  this  could  be  done  in  close  :o  real 
time  by  a  digital  computer,  possibly  by  a  desk  top  computer 
such    as   the    HP9845. 

The  type  of  sensor  utilized  could  be  the  ASQ-91 
magnetometer,  other  total  field  magnetometer,  or  possibly  an 
orthogonal  3-Coil  system  whose  signals  can  be  combined  to 
yield  the  projection  on  the  total  field  vector  of  the  fluc- 
tuations. A  single  coil  system  oriented  in  the  direction  of 
the    earth's    magnetic    field    vector   could    also    be   used. 
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A  three  coil  system  which  is  used  to  yield  an  RMS 
amplitude  is  currently  in  research  use  at  the  Naval 
Postgraduate   School. 

3-      Predictions   of  Geomagnetic   Activitv 

The  proposed  indices  discussed  above  are  intended  to 
be  real  time  measures  of  the  geomagnetic  noise  in  the  MAD 
bandpass.  Whether  or  not  such  activity  can  be  predicted 
ahead   of  rime   needs   to   be  looked   into. 

While  there  is  no  aodel  for  the  background  component 
of  geomagnetic  noise,  work  has  been  done  on  estimating  the 
future  activity  of  micropuisations,  notably  by  Fraser-Smith 
in  the  case  of  Pel  pulsations  [ Ref .  42,  43  ]-  3y  extending 
the  prediction  technigue  for  Pel  pulsations  to  the  ?c2,  Pc3, 
and  Pi1  pulsations,  the  occurrence  of  geomagnetic  micropul- 
sation  activity  in  the  MAD  band  might  be  predicted. 
Combining  this  prediction  with  real-time  solar  flare  infor- 
mation should  give  the  capability  to  disseminate  real-time 
and    estimated   future    MAD    index   values    to    fleet   users. 
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Previous  studies  have  led  to  the  conclusion  that  the 
currently  used  geomagnetic  indices  are  not  accurate  measures 
of  geomagnetic  noise  in  the  MAD  baud  pass.  Experimental 
eguipment  has  been  utilized,  and  computer  software  written 
in  ordar  to  confirm  this  conclusion,  and  to  develop  a 
replacement  means  of  evaluating  MAD  geomagnetic  noise. 

A.   EQUIPMENT  CONFIGURATION 

Experimental  equipment,  acquired  as  part  of  the  Naval 
Postgraduate  School  gecmagnetics  research  program,  has  been 
utilized  in  the  effort  to  develop  a  usable  MAD  index.  This 
equipment  is  in  use  in  other  projects  of  the  gecmagnetics 
research  group.  The  sensors  and  associated  equipment  are  set 
up  for  remote  site  operation  with  system  monitoring  and  data 
analysis  located  at  the  Naval  Postrgraduat e  School. 
Descriptions  of  the  data  collection  system  and  da4:  a  analysis 
system  follow  below. 

1  •   Data,  Collection  System 

The  data   acquisition  system   illustrated  in   Figure 
5.1  reveals  the  following  majcr  components: 
-ceil  antenna  senscrs  (3) 
-preamplifiers  (3) 

-signal  conditioners  (amplifiers)  (3) 
-pulse  code  modulation  system  (1) 
-radio  transmitter  (1) 
-radio  receiver  (1) 
-instrumentation  tape  recorder  (1) 
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Figure   5.1        Data  Collection   System 
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a.      Coil   Antenna   Sensors 

Three  coil  sensors  are  used  in  this  system. 
Each  sensor  is  a  self -supporting,  continuously  wound,  non- 
center-tapped  coil  antenna  manufactured  by  Slma  Engineering, 
Palo  Alto,  California,  from  about  5460  turns  of  18  gauge 
copper  magnet  wire.  The  coils  weigh  approximately  50  kg  each 
with  dimensions  as  depicted  in  Figure  5.2.  The  dimensions 
of  the  sensor  are  constrained  by  the  dimensions  of  the 
largest  glass  sphere  that  is  commercially  available.  These 
spheres  are  used  to  enclose  the  coils  during  underwater 
experiments.  The  coil  resistance  is  120  ohms  and  its  self- 
inductance  is  approximately  9.31  henries.  The  three  coils 
are    mounted   orthogonaly   on    a   nonmagnetic    frame    (Figure    5-3). 
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Figure   5.2        Sensor   Dimensions 


b.       Preamplifier 

The    preamplifier      used   w=s    the    model       13-10A    lew 
noise    FLF   amplifier    manufactured   by    Dr.     Alan    Phillips    of    SRI 
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Figure   5.3        Sensor   Mounting   Block 


International-  The  final  stage  of  tha  amplifier  contains  an 
active  low-pass  filter  which  provides  a  sharp  cutoff  for 
frequencies  above  20  Hz.  The  overall  preamplifier  gain  for 
inputs   of    less    zhan    2.5    millivolts    is    6  0    IE. 


c.  Signal   Conditioners 

The  signal  conditioners  receive  the  analog 
signals  from  the  coil  preamplifiers,  amplify  them  on  the 
order  of  30  dB,  and  limits  signals  with  peak  amplitudes  of 
7.5    volts   from   entering  the    pulse   code    modulation    system. 

d.  Pulse   Code   Modulation    (PCM)     System 

The  pulse  coda  modulation  system  chosen  for  use 
is  one  designed  and  manufactured  by  Dr.  Robert  Lcwer 
Lowecom,  Inc.  The  system  features  15  channel  analog  input 
capability  and  offers  selectable  sampling  rages  of  2,  4,  8, 
16,  32,  64,  and  128  samples  per  second.  By  appropriately 
jumpering  the  analog  input  pins,  the  sampling  rate  may  be 
increased   by   a    factor    of   5. 

The  PCM  system  incorporates  a  crystal  oscil- 
lator, and  associated  CMOS  integrated  circuitry  tc  develop 
the  clocking  pulses,  and  a  16  channel  CMOS  analog  multi- 
plexer, a  16  channel,  12  bit  CMOS  analog  to  digital 
converter  and  associated  circuitry  to  provide  the  pulse 
coding.  The      crystal     clock      oscillator      operating      at      a 

freguency  of  24.576  kHz  produces  a  square  wave  output  with  a 
loss  rate  of  1  bit  in  106.  The  clock  pulses  gate  the  analog 
multiplexer,  analog  to  digital  converter  and  associated 
follow  en  circuitry  that  form  the  pulse  code  words.  The 
basic   output   is    a    3i-phased    pulse   coded    signal. 

The  data  is  organized  in  frames.  Each  frame  is 
headed  by  a  sync  code  word  which  is  followed  sequentially  by 
the  pulse  coded  samples  from  PCM  channels  1  through  15.  The 
sync  code  word  is  a  pulse  coded  digital  word  with  a  decimal 
value  between  0  and  4095.  This  word  is  preselected  and 
hardwired  on  the  circuit  board.  This  code  word  is  essential 
to   the    decoding    process. 
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In  the  initial  operation  of  this  system,  a 
sampling  rats  of  32  samples  per  second  was  utilized.  Only 
one  sample  per  coil  per  frame  was  analyzed,  making  use  of 
PCM   channels  2,    3,    an  d  4   only. 

e.      Transmission  and   Recording 

After  the  data  has  been  PCM  encoded,  it  is 
transmitted  by  a  VHF  radio  link  back  to  a  receiver  located 
at  the  Naval  Postgraduate  School,  where  it  is  currently 
recorded  on  an  instrumentation  tape  recorder  fcr  later 
analysis. 

2.      Data   Analysis    Equipment 

Currently,  the  recorded  PCM  data  is  played  back  into 
a  PCM  decoder  and  associated  equipment  which  generates  a 
nine-track  800  BPI  computer  tape  containing  the  decoded 
sensor   data.  This    computer      tape   is      then    input      into    the 

Naval  Postgraduate  School  IBM  3033  computer  fcr  analysis.  It 
is  in  the  computer  software  that  the  senscr  system  transfer 
function  is  applied,  spectral  analysis  performed,  and  the 
MAD    index   generated. 

3.       DATA    ANALYSIS    SOFTWARE 

As  was  noted  earlier,  a  mainframe  computer  was  utilized 
to  perform  the  spectral  analysis,  apply  the  transfer  func- 
tion, convert  to  power  spectral  density,  plot  the  PSD  and 
generate  the  RMS  noise  amplitude  MAD  index  (using  equation 
4-1 ) .  This      program      is      written    in      FORTRAN      IV      and      is 

discussed   in      brief    below.  A    copy   of      the    program      can    be 

found   in   Appendix   A. 

The  main  program  is  divided  into  sections  which  perform 
the    following   functions: 

-Data    input 

-Fourier    analysis   of  time    series    lata 
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-Application  of  system  transfer  function 

-Projection  of  field  components  onto  total  fiald  vector 

-Data  averaging 

-Curve  fitting  and  calculation  of  MAD  index 

-Calculation  and  plotting  of  power  spectral  density 

1 .   Da ta  Input 

Data  input  is  accomplished  with  the  aid  of  a  subrou- 
tine package  supplied  by  Dr.  Tim  Stanton  of  the  Naval 
Postgraduate  School  Department  of  Oceanography.  His  subrou- 
tine (called  ■  SUBROUTINE  HD')  serves  as  a  FORTRAN  ■  READ' 
statement,  taking  the  PCM  data  off  the  computer  tape  and 
converting  it  into  integer  format  with  a  value  between  0  and 
4095.  The  data  input  section  of  the  main  program  takas  this 
integer  value  and  converts  it  to  a  •REAL'  number  and  normal- 
izes it  to  represent  a  voltage  value  between  -5.0  and  +5-0 
volts.  This  section  also  sorts  the  input  data  matching  the 
PCM  channel  to  the  data  array  representing  the  appropriate 
coil. 

2-      Fourier    Analysis 

The  time  series  data  is  next  converted  to  the 
frequency  domain  by  utilizing  a  subroutine  (called  ^OURT1) 
which  performs  a  Fast  Fourier  Transform  (FFT) .  The  subrou- 
tine is  one  available  to  users  at  the  Naval  Postgraduate 
School  and  utilizes  the  Cooley-Tukey  FFT  algorithm.  Further 
information  about  this  subroutine  can  be  found  in  the 
program   listing   in    Appendix    &. 

3.      Application      of   Transfer      Function      and    Total      Field 
Projection 

The  next  section  of  code  applies  the  system  transfer 
functions    for   the   three   coils      to    the    frequency    doaain    data. 
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The  transfer  functions  are  given  as  straight  line  segments 
which  were  found  by  least- squares  approximation.  The  data 
enters  this  section  in  amplitude  units  of  volts,  and  is 
converted   into   nanoTeslas   by   the    transfer   function. 

Following  the  application  of  the  system  transfer 
function  to  the  coil  data,  the  program  next  calculates  the 
projection  of  this  data  onto  the  earth's  magnetic  field 
vector    (total      field   projection).  This   is      done   by      first 

applying  the  local  magnetic  variation  (declination)  to  the 
North-South  (X)  and  East -West  (Y)  coil  information  to  deter- 
mine the  horizontal  field  component.  The  local  magnetic  dip 
(inclination)  angle  is  then  used  to  project  the  vertical 
(Z-coil)  and  horizontal  field  fluctuations  onto  the  total 
field    fluctuation, 

^  •      £§.lsL   Averaging 

The  previous  program,  sections  exist  inside  of  a 
do- loop  which  enables  the  analysis  of  a  long  period  of  data 
without  a  prohibitive  need  for  storage  space.  This  loop 
includes  accumulator  arrays  for  each  field  component  and  the 
total  field  projection.  The  fluctuation  data  is  converted 
into  power  prior  to  storage.  This  is  done  by  taking  the 
magnitude  of  the  fluctuation  component,  dividing  by  the 
number  of  sample  points,  and  then  squaring  the  value.  after 
the  program  passes  through  the  averaging  loop  for  the  last 
time,  the  arithmetic  average  is  taken  for  each  frequency 
point  en  the  arrays.  At  his  stage  the  power  spectrum  is 
multiplied  by  the  sample  period  to  determine  power  spectral 
density. 

5-      M.2  Index   Calculation 

The  next  section  computes  the  RMS  MAD  noise  index 
previously    discussed.    A    polynomial   curve    fit   is    performed    on 
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the  total  field  PSD  using  an  available  subroutine  ('CHBFT'). 
The  resulting  polynomial  is  then  integrated  over  the  limits 
of  the   various  ASQ-81    band    pass   settings. 

6-      Plotting   of   Power  S  pect  ral   Dsnsit^ 

Flo*5  of  the  power  spectral  density  of  each  of  the 
field  components  and  the  total  fiel3  projection  are  gener- 
ated in  the  last  section  of  the  program.  This  is  dene  by 
converting  the  fluctuation  power  spsctral  density  to  deci- 
bels (dB)  referenced  to  1  nanoTesla2  per  Hertz.  A  Versatec 
plotting  subroutine  {'PLOrP')  is  then  called  to  actually 
generate  the   plots. 

C.       INITIAL    SYSTEM    OPERATION 

The  NPS  MAD  index  system  was  initially  placed  into  oper- 
ation with  the  coil  sensors  located  in  the  La  M^sa  village 
housing  area  near  the  Naval  Postgraduate  School,  Monterey, 
California.  System  checkout  was  accomplished  in  June,  1982. 
The  full  system  was  placed  into  operation  on  25  July  1982 
and  18  August  1982  in  conjunction  with  similar  measurements 
taken   on  the   floor    of   Monterey  Bay. 

The  MAD  index  output  and  power  spectral  density  plots  of 
the  total  field  fluctuation  for  25  July  1932,  1237-1406 
local  (2037-2206Z) ,  and  18  August  1982,  0121-0250  local 
(0921-1050Z)  and  0507-0635  local  (1307-14362)  are  shown  in 
Tables  IX,  X,  XI,  and  Figures  5.U,  5.5,  and  5.5 
respectively. 


TABLE    IX 
MAD    Noise    2037-2206Z,    25    JUL    32,    Monterey,    CA 

1   Gamma  =  1    HanoTasla 

MAD    INDEX*  0. 1083    GAMMAS 

BANDPASS:  0.04     TO      0.20    HERTZ 

MAD    INDEX*  0.  1148    GAMMAS 

BANDPASS:  0.04     TO      0.40    HERTZ 

MAD    INDEX*  0. 1169    GAMMAS 

BANDPASS:  0.04     TO      0.60    HERTZ 

MAD    INDSX=  0. 0888    GAMMAS 

BANDPASS:  0.06     TO      0.20    HERTZ 

MAD    INDEX*  0.0966    GAMMAS 

BANDPASS:  0.05     TO      0.40    HERTZ 

MAD    INDEX=  0. 0991     GAMMAS 

BANDPASS:  0.06     TO      0.60    HERTZ 

MAD    INDEX*  0.  0^29    GAMMAS 

BANDPASS:  0.08     TO      0.20    HERTZ 

MAD    INDEX*  0. 0822    GAMMAS 

BANDPASS:  0.08    TO      0.40    HERTZ 

MAD    INDEX*  0.0852    GAMMAS 

BANDPASS:  0.08    TO      0.60    HERTZ 

MAD    INDEX*  0.0598    GAMMAS 

BANDPASS:  0.10     TO      0.20    HERTZ 

MAD    INDEX*  0. 0708    GAMMAS 

BANDPASS:  0.10    TO      0.40    HERTZ 

MAD    INDEX*  0. 0743    GAMMAS 

BANDPASS:  0.10    TO      0.60    HERTZ 

MAD    INDEX*  0.  1234    GAMMAS 

3ANDPASS:  0.04     TO      2.00    HERTZ 

MAD    INDEX*  0.  1122    GAMMAS 

BANDPASS:  0.06     TO      2.00    HERTZ 

MAD    INDEX*  0.  1018    GAMMAS 

BANDPASS:  0.08    TO      2.00    HERTZ 

MAD    INDEX*  0. 0923    GAMMAS 

BANDPASS:  0.10     TO      2.00    HERTZ 
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TABLE    X 
MAD    Noise   0921-1050Z,    18    AUG   32,    Monterey,    CA 

1    Gamma  =    1    NanoTesla 

MAD    TNDEX=  0. 3644    GAMMAS 

BANDPASS:  0.04     TO      0.20    HERTZ 

MAD    INDEX*  0.3960    GAMMAS 

BANDPASS:  0.04     TO      0.40    HERTZ 

MAD    INDEX=  0.4004    GAMMAS 

BANDPASS:  0.04     TO      0.60    HERTZ 

MAD    INDEX=  0.  3027    GAMMAS 

BANDPASS:  0.06     TO      0.20    HERTZ 

MAD    INDEX=  0. 3401     GAMMAS 

BANDPASS:  0.05     TO      0.40    HERTZ 

MAD    INDEX=  0. 3453    GAMMAS 

BANDPASS:  0.06     TO      0.60    HERTZ 

MAD    INDEX=  0. 2523    GAMMAS 

BANDPASS:  0.08     TO      0.20    HERTZ 

MAD    INDEX=  0.  2966    GAMMAS 

3ANDPASS:  0.08    TO      0.40    HERTZ 

MAD    INDEX=  0.  3025    GAMMAS 

3ANDPASS:  0.08    TO      0.60    HERTZ 

MAD    INDEX=  0.2118    GAMMAS 

BANDPASS:  0.10     TO      0.20    HERTZ 

MAD    INDEt=  0. 2624    GAMMAS 

BANDPASS:  0.10     TO      0.40    HERTZ 

MAD    INDEX=  0.  2691     GAMMAS 

BANDPASS:  0.10    TO      0.60    HERTZ 

MAD    INDEX=  0. 4047    GAMMAS 

BANDPASS:  0.04     TO      2.00    HERTZ 

MAD    INDEX=  0.  3679    GAMMAS 

BANDPASS:  0.05     TO      2.00    HERTZ 

MAD    INDEX=  0. 3339    GAMMAS 

BANDPASS:  0.08     TO      2.00    HERTZ 

MAD    INDEX=  0.3026    GAMMAS 

BANDPASS:  0.10    TO      2.00    HERTZ 
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Figure  5.5   PSD  18  AOG  82,  0921-10502,  La  Mesa  Village 
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TABLE    XI 


MAD    Noise    1307-1435Z,    18    AUG    32,    Monterey,    CA 


1   Gamma   =   1    NanoTesla 


MAD    INDEX= 
BANDPASS 


MAD    INDE 
BANDPASS 


X  = 


MAD  INDEX= 
BANDPASS 


MAD  INDE 
BANDPASS 


X  = 


MAD  INDEX= 
BANDPASS 


MAD  INDEX= 
BANDPASS 


MAD  IMDEX= 

BANDPASS 


MAD  INDS 
BANDPASS 


X  = 


MAD  INDEX= 

BANDPASS 


MAD  INDE 
BANDPASS 

MAD  INDE 
BANDPASS 

MAD  INDE 

BANDPASS 

MAD  INDE 
BANDPASS 


MAD  INDEX= 
BANDPASS 


MAD  INDSX= 
BANDPASS 


MAD  INDEX= 
3ANDPASS 


0.  3188  GAMMAS 
0.04  TO   0.20  HERTZ 

0. 3246  GAMMAS 
0.04  TO   0.40  HERTZ 

0.  3267  GAMMAS 
0.04  TO   0.60  HERTZ 

0. 2297  GAMMAS 
0.06  TO   0.20  HERTZ 

0. 2376  GAMMAS 
0.05  TO   0.40  HERTZ 

0. 2405  GAMMAS 
0.06  TO   0.60  HERTZ 

3.  1585  GAMMAS 
0.08  TO   0.20  HERTZ 

3.  1693  GAMMAS 
0.08  TO   0.40  HERTZ 

0.  1738  GAMMAS 
0.08  TO   0.60  HERTZ 

3. 1031  GAMMAS 
0.10  TO   0.20  HERTZ 

0.  1199  GAMMAS 
0. 10  TO   0.40  HERTZ 

0.  1254  GAMMAS 
0. 13  TO   0.60  HERTZ 

0. 3504  GAMMAS 
0.04  TO   2.00  HERTZ 

0. 3137  GAMMAS 
0.06  TO   2.00  HERTZ 

0.  2801  GAMMAS 
0.03  TO   2.00  HERTZ 

0. 24  95  GAMMAS 
0. 10  TO   2.00  HERTZ 
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VI.   CONCLUSION  AND  RECOMMENDATIONS 

A.  CONCLUSION 

Analysis  of  available  information  regarding  current 
geomagnetic  indices  and  the  actual  level  cf  geomagnetic 
noise  in  the  MAD  bandpass  indicates  that  the  currently  used 
indices,  the  K  and  Ap  indices,  are  not  valid  for  MAD  opera- 
tions. It  is  therefore  desirable  to  derive  a  new  index 
which  more  accurately  represents  the  geomagnetic  noise  at 
freguencies  of  interest  in  MAD  operations. 

B.  RECOMMENDATIONS 

A  tentative  index  was  developed,  tested,  and  sample  data 
obtained.  The  data  analysis  for  the  preliminary  system  was 
accomplished  using  a  mainframe  computer.  It  is  recommended 
that  further  work  include  improving  the  index  and  the 
setting  up  of  a  system  to  on-line  decode  the  incoming  data, 
and  utilizing  a  desk  too  computer  sach  as  the  HP9345  to 
enable   real  time    determination   of   ths    MAD   noise    index. 

The  spatial  coherence  of  MAD  geomagnetic  noise  should 
also  be  investigated,  with  possible  application  to  noise 
cancellation.  Additionally,  the  feasibility  of  the  prior 
estimation  of  geomagnetic  noise  should  be  evaluated, 
pcssibiv  by  using  the  prediction  methods  proposed  by 
Eraser-Smith   [Ref.    42 ,   43]. 


34 


APPENDIX  A 


MAD    INDEX 

DATA   ANALYSIS    SOFTWARE 

oooooooooooocooccoooooooooooooccoooooccocooooooo 

vor~-cocro 

^«cMro^-inx£)'v-coo,NOi-irvjrn>j-ir\ot^ooc  OrH(\Jm^-mvOr*-uDOOi— <rsirr>->rifi>cr«-ajovo»-i<^jm 

ooooooooooooqccooooooccoooooooocoooocooooooococo 

oocooooooooooooooooooocococooooooooocooooooooooo 

OQCCaOCCCOCCQDQUCCUCCQCCQDOQCDCCOCGC.aDCiCCOCQCCOG 

<t<<t<.<t<i<<J.'<<<'<<<t<l<x<<<t<<<<l<.<c<i<<<i<i<<t<<i«4.<a.<i<t<.<t<*a.  <<.<<r<«i 

szzxizzszsszszzsszrzisxzrrizsizrsriszz^sssisis;! 

> 

0 

si" 

CL 

-J 

-w 

UJ 

_i                 -1 

.>• 

H 

<                 < 

O- 

O 

LU 

m               a: 

•ft 

Z 

s: 

1-            —h- 

— . 

r— t 

a 

UJ 

»-i                 Qo 

0 

t- 

K 

X 

2                     UJ(JJ 

>a-     u; 

•tf 

UJ 

f- 

H-.                   S.O. 

—      X 

CC 

Z 

a;  00 

X      t- 

UJ 

tD 

0 

O            c 

a. 

z 

<I 

z 

Z       —       U,CC 

►UJZ 

UJ 

H 

»-H 

S<£ 

<       O       OOLU 

—  J-UJ 

0 

Y- 

o 

O      23 

CM- 

UJ 

Qt 

o 

<r     it     <c 

—      Z 

z 

X 

< 

r\J 

i_     w.     oca 

00a 

•-* 

H- 

K 

U_               r-i 

<       C\i       1— 

Q.Z- 

tn 

II         II 

0     C         O 

►»-•»- 

c 

l~ 

oo        c 

cc     u-t— 

— t-O 

UJ 

1 

Z 

OO            O 

UJ— »—    »u  ~u_ 

o»—  UJ 

00 

t-H 

o-         • 

o_c:dz  ►o-'G 

f-*t—>~i 

3 

Z 

-1         z 

<oao-o    uj 

_u_0 

a 

> 

LJ          C 

►-IT,  ZwCU^.ZH 

0     a. 

UJ 

•— ■ 

"CI 

•ft        »-> 

cr-  <— «i —  q<j>>— a: 

Q.UJQ. 

a. 

h- 

—I 

o 

2Tw      <IO— "dLU 

-> 

>». 

< 

<l 

Uj 

CT>           UJ 

ou-c£2:cm-3:> 

— a:> 

■ 

►— « 

a 

m    _j(x 

a:t~Luccr-ifvi03: 

•4T5I- 

1— 

» 

oi 

rsi    <  •> 

u-   ►CO—   »QO 

o>o>-' 

0 

UJ 

< 

UJ 

<\J     o- 

->o:u.^-    0 

w          > 

1— 

_j 

> 

2 

CU. 

<oa^ao> 

— z~ 

■ 

h- 

>-< 

l_>       _JLU 

H  O      hCOU>- 

>*-K- 

ft** 

►— • 

(J 

h- 

S      Ha 

<3.lT.O       3.Lr\Z_l 

CL      O 

m 

H 

►— 

oo     KX 

CJO^H-OO    *"0^UJ-J 

*a< 

NJ 

V 

K 

<a 

UO    ► 

^      UJ—  «-0< 

— uj 

1 

■»v 

—  UJ 

a:     ujQ- 

CnC-OCD 

vfoOUJ 

;r 

O    •— 

•z 

00 

IU— -0< 

ZrviUJCt.oi">«UJI— 

CT^DX 

U 

ZK    • 

CO 

< 

co  -2: 

t— <   -</)UJ\£\    t-CCZ 

«-      H- 

a 

•<30 

v£)< 

•• 

•"hoc  •• 

O  —  X  CO  (T>  —  u_  U-i 

^UJ 

•« 

—  ^a.  ► 

r<^Z 

UJ 

cc 

IL'-I-H- 

<o        «-o    > 

xctu. 

• 

ir^-  1—   »^ 

^ 

v. 

> 

cc 

3  II  Ooo 

ujoujujooh-uj 

Q-<C 

^>- 

-CClJO    • 

• 

"-Oi 

oc 

►—I 

XtnuJ*-' 

nma:Zujmz 

•» 

O   1 

HKOft^O 

v.O 

Q.C 

UJ 

•ft 

OUU>_J 

c  <:  ►-•  qc  0^  1  jj  uj 

—OO  > 

^  iX 

y-  _i     *  -it-  v. 

•* 

O 

00 

u 

t/izoo- 

Z~       HU-— OOaC 

o>^- 

OOu 

a<o-ooH 

O00 

3Z 

UJ 

-  ►->  II 

•-!></)             »>-UJ<      • 

r— \<i  ►— 1 

—^■*- 

•••  ujOo    • 

*n0 

H-C 

t/1 

cc 

•..jooa 

>>  1  -.(vi<x      Z 

— avi 

vl-CMCO    » 

—    ^H-OO    «" 

v.orM         — 

*>-i 

UJ 

t-1 

^   *   «Uj 

O    ►<       O    "CQU 

XCCZ 

-m*w -<C\J- 

r-4«    KCOCOCD 

•ov.     —  • 

—  K 

z 

» 

Q>u-t—st: 

UJ—  QC  LU O — UJ Z  t-H 

(X*=IUJ 

-ftJXft^ftX. 

■-•cuujrirriorMO'-^       »<N   • 

0J<I 

>-H 

0 

<\lvfO-J 

too  a:  om  0  a:  <  »— 

►    0. 

u_—  1 

UJH--JV.V.    « 

»o>     vO^O 

Z 

_J 

0 

r-tf\J_J      • 

— xo<r<rcro        < 

— ^  ^ 

►CJCOX' 

— —loro-u-H-  »■ 

ftO»-<CL       ^v^vO 

1  t— 

0 

OCNJQ.X 

v©     it*     1—  •—»ir.oo<2. 

oaj 

— --ICMOCMf—  -        I— IVI>0 

•  *v.  ►cii- ••— «n"> 

_J 

UJOO 

>— 1 

►m  11  oc 

r-t  00  o>  co  _i  u_:  O  >•—  a: 

—4-    < 

v^~^^»—   _»—   ».o   •>  »-o 

•o^ino-cL^Sft 

•O 

>»-< 

_l  •■ 

vf    «UJ< 

—•-w  *  OZ"«CJ. 

-.«■»     a 

•  •— 'CCoCN.' 

— b-«  UJrvi>   •■ 

fttUJX00OOM 

OUJ 

«-<(/) 

h-Z 

(NJr-^Q. 

Z      XXJ»-iXQ[:UU.QXOI- CJ _Jh-h-  —  UJwOJI—  rvji-sj   ► 

•  aan^^a 

0^Q 

IJ_>- 

»— «►— I 

(\;2.<x  ►■*■ 

•—-  xuj     i— ^a:     Z'^cc'z^j— *\±.—'a:<)-  — iluh- <  »  *^" 

•»U-    •rflKhC' 

-»ft.^ 

_l 

CM    •>    • 

(<1>ZQ. 

Z     -jf-         <uji-.- 

—       <UJUJ                  ft—  t-0«-iV7>>-OC\|    »>Xft—  ■—  30— 'UJ 

t--cf 

m«-HO 

»»oQoon»-®q.zz2    0    oc;z    Q.<-*2:<r    cot-iz-  h->n>i  • 

•uj  Q.r>j  in  001— « 

-00  x 

xz 

■«■    II  (NJ 

acjG#-  *zaico-  x> 

0»  oou-C*      <»— uj     a:  •>  »-^' 

<^2:   -   •OCtt^lOI- 

LU< 

O"^— ' 

CQZ  »u 

a:     xc^MMNhi-aiMa: 

1-tflL         _J 

_i  00  uj  x  x  _*  x  •"-•  x  xo  c1 0  m  c  ^ 

•z 

UJ~30 

a  11  o:xzuj>ujoujoooo»  i-4i-<ajto«  at _n/i uj vj- <: qo < > > x  1^1  ul u_  1— o.  11  11  h  r-o  11  oouj     <mco     ex 

-joahi- 

o<_i     cxzz     zroooz    iu<zo-*     #>< 

►—oo  • 

II  ft^t— "f—  UJK- 

II  i—m 

cc     ct:^u«ia:Q.ujQ.u-!ujijJOZUJUjuj3i~ujuj_i_j  _i»-.ct.LM<<r<<<a<Q.vomvoc:c     •■ 

■"X<<-)  ••  m— J 

JC>-a.>Hixzi'Aizj:i<uji~xicc]3:i-«OQCii-t-^i-»-HC^v-<^^'CiiflHQaij     _i 

,-1        4        </> 

Z<Gt-a:>-'»-'H-2:GZ'-i»-  Q-l—  M^UJluiJUO<lh-<<<«<j:OC  II  CO 

00  ►—  (_;<r 

*»zxo  •»-«    u        uo           hq 

Q^QCCCOCUJ           QQQOQQI-t'lJCUC 

i-'mCC 

u->-«ctuj»— 

u.<oxa: 

LUZIU-LUCj 

->**     u. 

00 


000 


000 


00 


00<_!0 


35 


oooocooooooooooooooooooooqoooooocoooooooooocoooo 
sj- iri -o r^  oo  0*o«-<fNirn.^-tr' >£>(*- qo  ONOr-trsjfOvj-  ir.vor-3Ji?  Of-tcgcrivftn^^coo^o^^c^^LOvor^oc^o.-* 
ir^ininu^in*o^>o<>s0^^vO^NO^r^r^^r^f^f^f^r^r»-coccooaorc 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCCCOOOrHH 

ooooooooooooooocooooooooooooooooooooooooooooocco 

CCODaQQQQQOOOaoCCCCQUQDOCiaQCCQOCCaCOCCOCCQCGacCC 


LU                   _J  UJ 

o    <z    oz  <  > 

l~Z      a      LUZ  or  o- 

— o-oi    o<  u — i  srzr 

S     O          <I  >-*  ccui 

<V?OUL      CdU  XO  >CD 

cx</)— o    lu  ou  oluo 

ouj           >x  a.  z    lu 

OwwQi       <Iw  >  LULLiCt 

otccai         <  ujcd  XOu- 

Q-ct     co     ujaj  X  Q<r 

auus:     cc  K<  lu*-  uj 

lu     xx        ac  h-  a:.jx 

xtur-x    ac  s:<  u-o»- 

H- X               r-U_  CC  > 

hxu  oc  a    u 

uo    ox    t/ic/-'  u-uj  zci— 

U'ODH       LUH-  X  <H- 

— isa       uz  «n—  s: 

cc«-,a:>     z*-"  k  Lu<£oi 

<HXCQ     LUQ  <h-  2:1—0 

zo-        Da  ox  *-.<u_ 

iliLU      Q      O  O  r—  Qoo 

O-ZUJ      uj<  UJ  2 

OLUXO      t/)r-  X<-0  — UJ3T< 

r~a:a:<c        <  r-»—  Muo: 

cc     <o  cC  •>r-Q-r- 

H>I»AJ      r-  U0O  vO 

ZCOe_;>      <0  Of  * — «c*0 1 —  CC                                                                         t-.»— 

UJ      <<l       DC  <T  HiOLU                                                                                  »  ao 

2r<u,'           m  luq  -  f-a.*-1                                                   -      z— j 

UJI—      >      U-O  CtZ  h  <rzc£                                                                  >o<tlu 

i— <s:_j     O  <  oct'-'X                                                     >z     i— 

<DOj         </)  o  —                    lulu     O                                     •       •       •     -  <:— u- 

I—       CX<       iX_i    •  >0    •■  CC                             C£ZUJU_                                                  (C       00       CC                  X 

l/OLULLX       LU<<  u_  CL                             hhUJX                                                       xf       -J*       >**         •■    »XO 

O      t~      CdXt—  IQ  *-*                         -  OHt—                                            O      O      O      <<—►-. 

X     coz     sr<-J<  i— C  ••                       ••         to                      — .             cm     cm     r\i     y-  h-      k- 

I— t— t— UJ       XLUQ  wu  O                             XZ^<                            H- V.       *v       >v       <<r-LU 

HZZ>       Z  12  LU                            ITiCLUU.                             <       "5-5    •          •         •       COZZ 

3  3»-Hil     .       >u_  O  QC                                 •■►—rvj                                    (—       w 'v»m       !T\       ITi                   LUO 

uo    q-lu-jq  oz  •-,              u^i—«q:                  —    •—(-■»     ■*     ■«■     j_ii:< 

e:s*CLCicxi—  z>  •»              u.'mu_io                  lu    <<t—    •»    —    •—►-cjs: 

z.<i.    i^tjt—  <:«/;  >-ii/)  o               oc  »uj<iu-                  o    cjo  »      •      •    uc^c 

»-<     <<_i     luq  Q  luo                 «-i»  oos:                          •»      w-jao—oc  —  CO—  UU^llJ 

Clui—         coqcx  Zll>  sio                  •»  ii      aiX                    Z     ulu-vI- — r  — xt— i    iCo 

ZC<a.Cr-ct:o  ujx  <r-t                aaOCC                    u.     -*  #  0->o-?0-3XrviO 

UJCiQIUQZDU  I—  Oi    ►                      CtCCZZ1-1                            o*       HU-CMw  <\Jw(Mw                  _J 

— >CC       <       X       LUOLU  Q.  U.Z                       t-it—t-t       »—                    •      «v       <<   I    X   I   >   |   IVILUU-X< 

iIZQ ILUt— LUCO       CO  LJ|—  hm«—      — .   3CJ<I                  CM       ch       h- K  —  X  —  >- — N1XI-I- 

O     Z  »>C     Xluxlulu  Ox  «•  •cvjrOvi-     o  «CZa         — >coh  az-ij"i*»"3-' -5"—  t—  \—  XO 

o    w^a<>—  e>»—  dc«_)0o  jo  i-'o—'*-—    ox—i*!**        z^<icj  «-ujuj^_j*--j^. _j        l_-»— 

T.      (—  ||  _J           O      Q.Z00  -JIICMZZZ      C\JO_i       Q.    •      — •    •h2HQCX<>-<N<lrtWi/) 

LUO-       <T— *       IT    •h-XLULU    •  OcOU-i-T-»»-i«-'*->UJ    »r-<OtOLUZ       I —  • — • II—  II    II    l|  XLU>LU rvjU.lt-.*—   I  UJLU 

XH      0_jCtoco     Oa:X«  CclZ-jCii  ii  ii  XvO—'U_>-ct.*-'     <  ii  lu  ii  -5— — — -ct— o:~(X         XXX 

Zlu     -j     Qtu^ao     oc^  «-<Z      ai-.~-.2wr.     <a<OCJ|-Qu.     tj  h   ii  h  ii  h  it  -  -  h- »— z 

►-•siaDu-O     uuujc*  lucnj  ijjq:<o     -)-5-5»—uj<uja:     xo— 1<-«-<0'—  — ■ «~-~— . — x\a     <— 

1—  <^u  r^ujcjcaorccco  ihi-o  j-mi-r- s:xac.zcmu.i-zi-c\jLuo~'~>"5-'"5~3x^i_:zh- 

ZoC  II  UC       XCt-jQXZ      CC  l-COO       Jws,w2m(x(_<mQ^  11  _ju 1      X'ii'-w — www.   •  ZCJZ 

LUU_O.ZCJH-a.a3«a.K-»  -^C1  C_j'*IX>rxjCJQC  w  II  iiUJ  II  LUL_)»-.cXXX>>-rvjr>vl 

UhZILQ  QOX>»N02LL  ZU.QI-CQt-|J-XX>>NN                     O 

ir»  u     o  C 

cm 

wO<-J<_;ow«jiOwOwvj  wOOw  uulu 


XrNi 

1— rxj 

«—■ 

li, 

CH 

Z 

ZLU 

uz 

•■•— <Ci 

<l-0- 

HOZ 

<LUO 

ClU 

w 

—  CX-J 

•~CL< 

U       <-! 

UU.H 

1  XI- 

>r~a    • 

LUQC 

LUC^>C 

Zm     h- 

h-       L-O 

-  Xlu 

WU.I-  > 

36 


oooooooooooooooocoocooooocoooocooooocoooooooocoo 
OOOOOoOO.-H-*^i^^r-<f-«t-*i-*^CMr\iCM<NjrvrJc\iCvj<\jrvj<^r^n~.c^  4--4'>r 

oooooooooooooooooooococoooocooccoocooocoooooooco 

QCCQaQOCQQQCOUDaDCOCQCCODQQCQQCOGOCCCQDDQOCQCCCC 

«i  ■<<<<<<<:<.<<  <<i<t<<<i<i<i<<i<:<<<t<:<i.<:<t<'<i  <<<<<<,  <<t  <<<<<<<<.< 

__ 
o 

•  t-< 
—  H- 
t/?UJ< 

O        <*-_c 
>    sroco 

UJO      <XU, 
H-  CZ      OUZ 

Z3  <uj      .-(_>»-« 

Q-  1-3  < 

2  jo    t/->zuj 

O  >0C       _j       < 

UJlL  —  U-       IflZI 

X  uj<ra. 

h—  so  .(- 

Zc_  H-5T      2Cm 

CD  ooa.i—  <_i 

C  >C2ZU-'Z 

t-U_  V'LLLU      »-0 

u_»  tos:o>-'-« 

LL  LUZLUH-       ►— 

Z  X<K        </>0 

20  i— a:<r</)Z2: 

<  hl-t-CD 

Q.  >      </1_Jh-.U_ 

ZD  -JUJ      Ct- 

o:uj  an->ua 

OH-  o.H<     zlu  —  — » 

u->-»  <         t/jZDu-  r-  r*- 

aioc  C<-Of-u_oo  -»—  o  -c 

LU3T  iflhQ^      Z  CO —  O  >0 

a.  ——)—     zu-'a.<  —oca.  r-o—  —ir—»  >d--~— »  vj- 

uj  ^-i-izZu-^Lua:  oilu.  cra>u"i  .-<cGcr  -^iri>r  —i 

t/^X  c_o:c_ijjO     zu.1-  a:**  •  «ro  rn  »co  •  trt-J-  • 

H-H-  OCOZm^Ow  LLOOnI"  00s    •  »0    •  O    •    •  O 

2  23  3UJHUUZ!-  -ft-cOCO  mmC\J  O-sr-  +  ~<~h  4- 

—  ujuj      ••  -  *i— oo     <z  ■j-in-t  i    i  m  i    i    i  c  I   1  O— 

—  STULi  OOC<ZjZa:UJ  -*  •  •  oo  I  ooo  ctOO  ceo—  — 
-5  uji/12:  ■»  -  ~f-x>ccoH-a:  — i  cm  »r*-r-  e^_ca:o  <t-a:a:c_  u_a:c_  u_aiO  o 
—•  h-  c-«'-t'-,</"JU-  nh  uj  rn  l  I  u-u-cc  u-u-u.  m-*  u.u_  *o*--a<  ac 
o  <  im  i   i   i         i^h-i-ou-  o        c  I  wvc  c#  *  u.  c-tf-  #  #  -h-h-  -if  «—•-»*■  u.  u_ 

UJ       h-«l|—    *  »   »ULCC— '<w>>—  -»  h-  K U^mc\j       >—  OOvC*       t—  Cvi(M>J-       Uc-*r-:>X       l_i«-*CV-«-        * 

a:     ^(_<hwhCujIZih.  •   •   •         ir>sOC  CMr\<t*     (— rOr-«oo     i-roow     <m 

U>  <3T    «■  »  »      U.t-OH-Q  O  OlT— nr-      CCr_i«3-      CKlTVjO  «OCh  >Ce-Cr       r-- 

«—    a:caczzz-it/>    u>  o  •    ooccr-     o  •  •  •    o  •  •  •    o  •  •  •     c  •  •  •      • 

O     35     c   •■  "  •Oz'  ■»•<  —»oo     —  ^^Hr-i     —mr^o     — m«4-<f     o <N <"<"> ro     OCvir\j(\j     cm 

C-*       CVOU_X>(VlC<    "CC-ft  »CM  •  *-•—.—  ._«»._       LT^-~— _.       _,_,--—       ~,,-~.-.       «~ 

ou     u-uJ2x;>-(vt_ja:<_j-i<- -j  u-\"»v     u.«v^s»"v     on^>^^       «^^>^       .^^v.       »«w.>^     "v 

cnO           i-i»-i'-— •— CQ^-t— LLCJoO  —  <N*»  »-•— — •— '  i-t-*——«  (^-— . .-.  — -  LT-~—  — .  m  — — —  — 

*— I      V-CC      I—  ♦—  h-           <v)ZD  2T-J    »-J  •  —  — i_i         • — I  — 1 I  «_J_J_J  ._j— l-J         •_J_J_J  -J 

r-t<t       XLUctCCQiCtl—  —  OZI>-i  ►.-•UJ-'  UJ'-''^— »  UJ—"^— '  UJ— "— '  -*  Uv  —  — — '  UJ'—— —  «- 

II    li  UJUjOOLUXlJlJXO       <2  «^0— IX  _JX>tvj  ^)vr>rNl  «)X>tvl  —  X>fvl  — )X>fNl  X 

t»3Z     XOCCUJ_J2a.cn  «Q  il  uj  .xcr   »x>-fvjcc   •x>rviao  »x>»nico  »x>ncc  iX>nccxn 

"'Z      LUI— U-ULU-ZUJ'-'H-<UJuj_jc_OII       OH   II    II       OH    H    II       OH   H    II       Oil    H    H       Oil    II    II        H 
r-i-«.H_ujs:c_  ►-<     3-oQ     u_a_— Cc_  — — — Cc_  — — .— Cc_— — Ccc— — Ocn  — —  c  — C 

r^josii-Xt—  o_i_j^uju.2:uj-JKujcr  11  _Jhu.JjjhiJjji-u.-iJ_ii-LLjjji-_j-iji--Ji- 

OZH-U.JJJllCI*IU-      O——      w— w^. ^-—      ^—.*-_      ^ ^.      w 

CC-O  <!<<t—  CCC.lh--it-a._r  C-U.X  a  U-X>-rvlCU_X  >I^JC'U-X>-fv1l_U-X>iv1l-JU.X>rvjCXC 

Q_C  OOO  QU_^XO^X>'vjO'--'X>-,^0'--'X>f^IC:>-«X>'s>iO'--'X>-'NjC_'XC! 

»h  -Hf\jrn>rtnp-o 

C\J 

ooo  oo<->oooo 


37 


cocoooocooooooooooooocoooooocooooooooooooooocooc 
ooooooooooooccocooooooooooooooocooooocoooooooooc 

OCCDQCCOCCQOQQOCCCQCQOOCCQCCCOCOCCUOQCCCDCQQacCC 
<<<  «a.<t<<i<  <«a.<<  <.<<<a.<  <£<<<<<i<<  <<<<i<  <t<i«y.  <<<<<.<<<  <<<<<i<<c 

X»    _J       Uj  t< 

u->x<r     z  coo: 

2:     k     a.  *:xuj                          O 

U   •cxi>r»uu  ot-Q.                              2 

<>      LU  — '-5                                        I— Z 

aia:     <Q  02     a:                         i-c 

Ilil-  OUJ                                |-'»-« 

(~<C<Q  ZZ2                                U-J- 

O      LL_jrvi  QCL                                   ujui 

m      0<      <^Q  OZ                                     >~5 

l/">             LLiLUi — iU_!  ULU-C                                          QlC 

a     ujctlla:  O     1—                          xkx 

o     o    1 —  1 —  -=x  oaz                        oa. 

—  1-    ex.  »o  a                           20 

*—    z^-u_a  f—     uj                            lu 

fvi     <q»  kz  wca                         uju_ 

2:LU>U<t  U      i-U                               on        • 

+          c.rsiuj  Q-u:>                              3jX 

lu<t-  -^oo  IZ                                  <LU 

O      X— I      CH-  <H-C                                   LUI-Q 

-0      H-Q.   .-C^Z  (—      O                                   QCC2 

C        -C>-      Q  COU-i 

U       OZ<— 'CO-  (ViOICNCM                z>a.                                       HJJ>-                                          -~ 

■K-     rf»<u-J  *•«■■«•■«■         u_c<                          <hXK                               o: 

—  1  UJU4  ^.^^^.        xar                            o^>—                             •* 

f<      XZ>~_J  — t-Xi/i  (VI      >  X 

o     h-uj     llcl  ^■z.'z.^:           1 — t_u                             uli-i                             a: 

</!      "-i^LLi      3T  U-U.U-U.          «/5      >                                 ici-                                        •• 

C      2<X_:<  ■v.^vv^'n*          Lbona:                               OO                                    X 

O            I—  l-<Xl^  —- -.-—.            COZX)                                      3><                                           (X 

*  o        H  ~ <rr3<w-  Of-  •• 

—  z</)c£Cu-  i-«i-*.-i»H        eta:                              oi'-'C                              <vj 
_i    •— •— 'Ct— o  ►-.»_»-<►_       uj    oc                        ii/)<                           s: 

w     q     u_  w >U_U)  i-?s  *  ~ 

>  Z<     u-qc  X>|S^U>          <Q2                                  Uj                                       o                                  —— 

>  UJf— -  XUJ  X>iNIH-                    O                                     »0<                                        q.                                       -fr.— 

+■       »-orNi     s:  ootot/^to        o'u            cxaiCLa:     1—  -jcd                              o     •—                       — * 

0      OZ      02T  <<<<           JSI           U_U.U_U       MQC*-*                                          -     h-                              -Jini 

00       O1-*    *U_  UUUC           CGZ>I~            *V»v^"^      3TH-I-                                           >      <                               «-«-' 

C      _i<r-J      uj  —,»..^—              2:              I — 1 —  •—  f—      LUO<      —                           a      O                           ZJ«J 

u     ais:^- x  +  +  +  +        cj)    h-        #.##*     kuj_)    —1                      »    -j                     la. 

*  GQh-H  ■*•— — »         ZUJZ         -.— • —- •     <Q-3 x     U.                        «-"-* 

—  hUUN  Zr-it~«.-H<-"«          mXh      ^fimmni      i— (ylof^^'-"               — *      Q-fOV.          0)               ■>}••«■ 
_j     x      l  -  >  ►►_»-<»-i»— .         21-0       "mwhw     </>     _jvj-u.;— '             fH«»<tfS<«>     vf  »         o^— — 

•^       UJ>-X       CD  ,-♦*-'*->•*«-■             O       O-       r-<w>-»ww             CX<    ••(XI—                   O-    H-    *•-•          »•-<               »••-••-< 

X      ZO      Q  II  X>>(—           _j>         •  It  X>>h-      HUJumiJ-N                r\ir-iUL^-*^      f-t  II            ^— •—' 

LUXUJ      ZUIZQ  r-tivjiviMrNlUJUJ_ja3i/J>-frii-i^t^iivjUlx3       II    H   II  UJ             •»•  cQ  II  U"-  ••  _l            IIQC 

^>*"^U.)UJX<UJ  «• — •  if   (I    II    IIXX>0      •— •! —  •— •  l|   ||    II   II  DujOZ^--  —Z)           O— 'Xi-hQ.X^_J           ►-Q-CL 

ziizirt-    Qqc;    — •— •  — — ^zzu-lux*"1    — •«— - ~— .zzca.»-    ^wz  *»i-  o     11  z                 +  * 

•— "~ »•— •»—  O      jMUJOi^HH«-it-M      x—^fr^rnfrjfrxrn-.  p——  •    •  •— •          uj<      3J— "-"CX    •    »r-^_j 

( —  — >  • —     uja.,-,>3fnH.>-'»-t»-i-i-a!C     ^^hmmwi-  ujtucm>-it-i-  oocth-  2;_jm»-i»—  'fi^oc^xx 

Z"Zzaac»-o     —  «•«—  ^-zzxcoi—  lu     w— «>->.ziiz    ■— >-z  11  n>-'a:_j    ^,z  11  n      11  :i 
Qa  c-,ii-Hi-)Cac:x>>i-uoi-<<iDax>-M-ui-h<CX>u(Niriac<CCUOC-JJi-.Oj 

CKO  OivjfsjrsjtvlOO                    Cr-4rvjovif^o               OaaUSZ3U.L)OQ.UOOXXCXX 

«j     u^  o<~>                                m 


38 


r- 

— * 

00 

M 

0 

C\J 

ro 

oocooooooocoocoooooooooooooqoocooooooooooooooooo 
co  0s  o  t-H  <\,  m  vt  it,  vO  r-  cu  <j\  o  »-i  cm  ro  >t  in  sj  r-  oc  en  o  «-*  r  4  en  <4"  ic\  >o  f-  oo  cr>  o.-iCMm*4-tr\vOP-aGasOr-irM<<''-4-in 

(?c^ooocoOoocoHHHHHHHHi-Hf%ir\iNfvjNNNWf%iwi<i(r-^mfomro(ti(fiffi<t.t<j-^<t-<' 

r-)  pH  CM  C\i  CM  CM  CM  CM  M  (M  CM  CM  CM  CM  CM  f\i  (V  CM  CM  CM  CM  (M  (^  1  CM  CM  CNiCMojCMCMC^CMCMCMCMCMOvjf^JCMCMCMCViCMCMCMCMCMC^ 

oooooooooocooooooooooocoooocoocooooccooocooooooo 

CQDCQCDCOQCCDOCDCCCOQCCCCCCODCCCCCOCOCDCCCQCQCCO 

•> 

X 

CM 

•  • 

< 

a. 

o 

z. 

«rr 

CO 

■i 
•» 

o 


oo 
< 

< 

a                                        x  x  x 

»                                      «-»  a  cr 

x                                      •>  *•  •• 

a:                                      >r  x  x 

»                                        .—  ac  a. 

X                                                «-»0*s  »  * 

a.                                         -Jt-t  »  cm  cvj 

-JLL-  X  S 

CM                                                          <**    »M  »  •> 

3T                                               D-  h-  u  <-> 

•>                                 — »                 U.       Q£  Q»  Q_ 

o                      «-•—          ►itai  ••  *.—                     .. 

o.                         #  *-*         —xx  -4"  *-«♦"■'                     *t 

•-«               *—                 #•*          *:u.i  en     — .  .«. -*      m             r>     —• 

i>              O     ►-•                  — ■#■           •—C"  ••     •—  ^j.  •«•      r-                »     •-« 

O               -     J—                  -J*          U_»-«CM  >     h-  **■*:     o              >     t— 

t—            >-     <               —  — '         »      •           «■»  q.     <t  — — '     i—           o.     <r 

a.    o              X)— j    -noici           »h  -a  Z)— >                   *    o 

O                    *•      -J                       LLLL       -J^'dLL                  —>  —  -h       _l  LLUL       C                  —*       -J 

o           x    u.              —  —    xxs:  «•           c*-1  x    u-  — — '    o           x    u. 

_i           —  s:—           e— »— i    x-4-  •»           cra:j—  ~»z—    -f  j*— —    j           —  s:~ 

X                 H~    ■*■*                   *.»—»—•       XOxC              *U.»Vl  I—    •>*—         »  •■•-* *-'       X                i—    *♦-• 

•               U.'-^w               f-i— ■      w(moh           CI  II   II  u.1-*"—      <-i  ,-h— —        •               u,—t«— 

LUUJfM            CO  ||  OUJ             II  OOLUI—    »>f-t       LULU  II  -~— LU  CD  It  U'LU  II  II  QOUJUJO            CO  II  O       U-' 

w-jr^-«-«i-4X»-,o-0        »-iQ.a.xcx<;— --  Z5Xt—cMc\0  x^o-x^  »-<Q.o-X-jr>-— «— c- a.     x 

Z»       I    IU       HZ                +-  +ZOs-|-   »ZZ        I    IZ  O       II  Z  *  +  Z.        I     IU       II  — 'Z 

•-•XCCMrn     ro— ••-<  •  •>tx^j«-|oolu<ti>-h-i^h •—»-"•-•  ^—•-'tri   •  •vQD-Jt-oocMcn     r»--»  1  ►-•  • 

l-Xl-2:ZjN»-iHOONXXh-  II  KS    •!—  hfWwh  cC  O  jmt—  H-rOOOrOXXI-  XI—  xx_jr-  —  ►-!—  o 

Z—       II    II  _J      >-«Z  II   il        II   tl  Zi-t-tfiTZZ      hhZ  II  II  _j      w2-       ||   ||        ||   ii  x-^       II    II  -J      —HZ  M 

-">     iin*"«r'i — ii    ~ir"ir- (•4*,>^i — rsiro*^r  •/— \r  :r\imrfr  rTQJ 

«(_;x 


i — ^.i — <-  w^  _j i  —  ■-* t—  i^j v_j r-  -^,  *> r-  ii  r- jl    "l"  ri'ix  ■  i — ,*.u,jrii-<f"r,iwijoiAA.i — -»- r—  -^  ■*.  — *  i     "~  ^~ r— 
Z—      II   H  _j     — Z  II   H       H   H  Z'-»-<a'irZZ     ^hZ  II   II  _j     — Z       II  II       II  II  Z—      II   II  -J     —HZ 

cu.cNm<occo-iao-ic2:Q:cu-aocx>-cNm<Lcci-iD_iCJ-icu-L;(Mm<cczc 
u*-ozzuoauxxoxxux3u.     ucQa.o.ui5:uQauoxxoxxuMoi!;uQQ.i-L; 

<rr~  p-  i^-o-Qvrro  m  en  co        f*- 


39 


oooooooooooooocoocoooooooccooooco 3COOOOOOOOOOOOO 

sj--j-N4-s.tu>itrMnifMri^u>u,Mr\ir>-o>c  ^c^co^o^  No^vcr^rv-fv-r~f^-r-fv-'^rwf^ccaooooD,X)aDccoocooocr>croN<7N 
c\i  cm  cm  (v  c> 4  ex..  cm  cm  cm  cm  cm  <\.  cm  cm  c\j  cm  c>  i  cm  (\i  cm  cm  c  <  cm  r  J  cm  cm  cm  r  ■  cm  r\j  cm  cm  cm  cm  o;  cm  cm  o.  j  cm  cm  cm  <m  cm  cm  cm  cm  cm  cm 

ocoooccocoooooooooooooooooocoooccocccooooooooooc 
ococouoaoQCocuQooocQacQQucQoaaocucoacooQCJQoooaoa 

<i<i<<<<<<i<<r<i<«a.<<<t<<<i<i^<i<<<<k<<.<<.<<i<i<.<<l«j;<k<.<i<<<l<£«=l<i<<i<i 


a 

3 
>  I 

t—    •  QC  UJ 

l/>h-  u.  .— 

ZCL  0C 

UJUJ  <X  3 

ci  u. 

v  c;        lu 

_jcm  ex  x 

<r-*  O         f- 

U  2  3 

UJ—  i-h  UJ 

o.<r  >-« 

003;  >.        > 

2:  C£  LU 

oc<  <         a: 

UUCP  ^ 

3>—  00        </■> 

O  UJ    •      UJ 

J  UJUJ    »_J    • 

00"  ZtV-  ILK" 

_!UJ  i— o>cl 

U-'l—  irtCZ       3 

az  zacccctx 

I    <!  <  1-4  KO 

cc;z;  a:  cujr^a:»  -»•»•■  — 

K  Q.COI—  •  CO  CD  CU  CO 

uii-'  o  ex     u.1  \-        h-        h  h- 

X  uj  lloluocx  or         tx         a:  x 

K-C  CL  CI— X2TO  •>  •■  * 

— »  t~  1/5  <Cl  J3  CO  CO  CO 

-4-      </)  XU.:ir       UJ  I—  I—  t-  h- 

■—      H-Q  Q  ujO      •  O  •-•  »~*  hh  >— ■ 

O      CXUJ  _l  CDZOCCC  *  •»  • 

U-      IL.O      — UJ  SKh-t—CX  X  >  >  I- 

——         •■    >z    ——.««—.  w  3  a:     >->Ql  m        m        n  ^j 

►—!(—<  **  iZLLI  •—.»— !►—#•— *  LL  2  O*  ■»  •"  *  •» 

•«•■*  ^      Cad      ——>_—»  r-4  UJ  CM  CM  (Nl  O 

#•■*  w.     0m      x>>l~  l         •     (^of-LUO-^  Q»  Or         (j  u 

—  _i  U.      fvit»siisjr«j  _.<      UJCCX^.>-,  ac  at  at  ct 

«4"^  LL       O.U!       — — CO        +        iZUJI—  — >h~  UJU-       (jjti.       LULL  UJU_ 

—"—  -     CiX      OOOo  mI      3S3  _j   ►     -_(  *     — 1  ►  _J~ 

o^j    — •-«    a        rH^4«-*--H  u_    u.    2     crco  h- <-o    t— c.    i—  00  k<m 

LULL      _J2I     JO?     OOC-3  a      <»-<(XOC_JQ.  — >•"■'  I — •— 1 — >-*•-         —  •—  o 

-*—      XX  -J      COCO  K+LU»-*U ICO  r-<»—  O-CMKO-rnf-Q.  -J-*— Q. 

ro-«.-»       1  -»     olu     -jjjj  »—     _j     1—         o—i  ^••■■•Z*-*— Z«-»-»4S:         *«— ^: 

X—      Ovf      C;COS<<<<  O      Ujr.iLb'C'-OU.^  cCO^-CCO^CCO—  250*-— 

•^— •—     xo        «-•  **  it  ■»  ■«■  -J     c\qkh  oo<ua<OQ.<oa         <tcax 

h~""      ~»(M      t—  CJtH    •    •    •    •  O,      ^00  UiLUO      O    •    «J03J03j030hJ03< 

11  ooluh  ►ujxuj  11  coooui  •»—-  c-  iiMoc  11  oo<f'<''ir«m<H  11  <rn<Mj 

•"HaaDa'vCDiLiUMH^HH^  vj     oo-ui     CMh-t— n  u  —  11  u  n    »«x  n    »cx  11    *a.  11  —  11    -ct^* 

+  +  ZO-2Z         11  II  11  11  Z  uj     hzi-u.iq         — -  csj ir,a-.ma—Lno— rsj— ^riCi- 

•  co-J-J'-'c/iuJt-.     O^"*— — ■ »«-1  I—      ||   11  o_XO-tXGc:rONj--H>-<(MfA"«—     rO'—     ro—     o"»t-tro«-»     < 

ONXxh  II  l-l-UJ»-m»->HHt-^t-<«—  <t      oOfMZhZCL:~.'-w^-'>-CJ«-'CJj-*Gj>--'>»Q_JZa. 

11      11  11  ^—"»-<2rxz     >-•— ^-r~-z  00     1— c»      -  ' J- lu "Deo co co co cc) <t -j co <r _j cc <r._jcc cc cc<.-uc. co 

-JUJXi—iC  5"  XCI—^C.  X  >-">♦- O  CX      O-Q.  I— H I— f~l— h-Uj<at— uj<I(— uj<TI— 1— I— ujttci— ^ 

XOXXOX3UV  ONNNJNU  UJ       ZZ  «~HH(XIXQCCtC^CiCtCJtiCiO'--'«-'ClC*aCOU_oOLU 

o 
n- 
00  uou        cuuuo 


90 


oooooooooooooooooooooooooooooqccooooooocooocoooo 
>y  u^  vo  r^  c©  c^o  ^c\i  rn»j-u^<>f^coQ^Of^cNi(^^i^sor~  oo  cFOr^rvif^^ir>or^  oo<^o^  o«-« 

cr(7va,C^^osOOooOOOOOOHHr^H^H^^HH(vjcviN(M(\j(\W^(\fj^(fl(^^^tfl^r(lr'"!(,nvf>J- 
n j (M <M c\i CM cnjc"-' rn en m m m m (■*-> rn ff > r< i m m m rn rr i ro rn r>  ro m (flntfnff.fnfiKvimrrifAffKtiPifrKf.r.iri^fOpitf 
oooooccoocooooooccocooooooocoooocooooocccoooocco 

OCCDQDCQQCOCOCOGCQQCCOQOCCQUCDCQQOCDCDaCCCD^QCCG 

<»<i«a.<<<J.<r<<<<<<<<<<<i<i<A<i<<i<t<<<<.<<<<<<<<i<<<.<i'«a.«a:<«i<£<i<i<3. 


in 
* 

•«•» 

00 

>t 

o 

4N 

r\l 

NT 

f- 

<\J 

o 

•» 

-i 

<r 

• 

x 

ct 

ID 

i— 

X 

H- 

CO 

0 

•• 

UJ 

X 

z 

CC 

00 

< 

a 

1- 

i- 

t.J 

•» 

< 

z 

in 

— 

X 

<t 

*£ 

CT 

— » 

CO 

*- 

O 

o 

<T 

«— ■ 

Oj 

oo 

LU 

X 

I 

00<LJ 

.— . 

nJ- 

X 

■r 

o 

o 

ccoa. 

OO 

* 

< 

1— 1 

o    a 

CC 

X 

h- 

* 

OO 
LU 

CCLLO 

CCOUJ 

a 

cc 

o 

LU 

0 

OT> 

• 

x 

X 

LU       LC 

cC 

CC 

•k 

a 

cc 

o 

_J 

'-'CO 

LU 

t— 

0 

cc 

o 

1— 4 

< 

LU  II 

■— » 

to 

CCi— 

-— 

_J 

>WOZ 

z 

LU    » 

* 

>  • 

_J 

^OLU<00 

00 

X 

1— !• 

o 

COS- 

< 

»<3cCI- 

o 

1-1 

•i 

UJ 

X 

O  (—  C  LL  i— i 

2: 

u  - 

XX 

a. 

►—I 

ca 

LLi< 

•» 

2 

X_j_J— CO 
CO-J 

XCO 

aioo 

CC—' 

^0 

•» 

la: 

Xi 

JXWNUJUJ 

— 

•— 1    » 

*o 

to 

coo 

1— 1 

Orn  jee 

*0 

0- 

a. 

►X 

►—UJ 

Q. 

CC 

~c 

0>CoOOOcC 

a: 

i—4 

t— 1 

1—4 

zu 

•CC 

0*-i 

1—1 

zz 

s: 

(MHILOO 

<-J 

»» 

o 

H3»- 

— 

■H 

O 

■ 

cc<I 

o 

>zu 

_)<X 

a 

o  — 

ITi— 

+  *"• 

O 

vf +C 

0- 

— «  — - 

c 

13  UJ 

cc 

O    "■♦—l-iLU    » 

XX 

4— 4 

IT\© 

o 

—  *o 

^J- 

• 

—00 

LU    « 

O 

1— 1 

u-o 

UL 

LU>-OLOCCLOX»— 

9» 

o 

o 

LJCJ 

O002: 

«» 

0 

accr) 

CO 

•> 

o 

< 

UJ       K 

o 

— 

ii 

ccr 

h-  (^ 

»-»— 't— 1 

u 

on 

►c 

1—41—4 

1— cr« 

z 

LU 

<x 

*CC 

CCLL»-'LU<t 

vt> 

oo 

i-  a 

n 

m  "o 

»— 

►—1 

mi— 

»     •> 

11 

2 

CCU- 

1— 

ceo: 

•     ccoc 

i— « 

»— • 

a 

oo 

•IZ 

•x 

•» 

2T- 

oc 

— ' 

XQ 

<r 

Lu<OGLL 

<LL 

w 

oz 

ez 

— o> 

0 

Q. 

— 0 

•^ 

ez 

■—» 

Q 

Q 

CO       CJOCCCMH-C 

a 

— ■ 

OLU 

LU 

t/)»-«co 

<s 

1— < 

000 

^1— 

LU 

Q 

LUH- 

XCVJC       LUt-i 

i— 4 

a 

— . 

«» 

^       •« 

1-1      UJ 

~_ 

<— < 

1—4  <"» 

««».    •» 

cc 

OZ 

a 

X-*  (\jcc»— m 

— cc 

>s 

• 

rj 

—o 

f"-Q 

**— <c 

mm 

^1- 

«^»" 

xr- 

f^-O 

CLU 

<i 

iitC^LUZ 

J^LU 

(MOO 

<TOC\J<-* 

^H»M 

Q.LO 

r-ir-*U.O,<—> 

— x»- 

1— i(NJ 

f—t 

LU 

az 

LU 

LU 

cox^coco 

V.LU 

o 

•  *  + 

•  •■ 

>— <»-^LO 

a 

►•— • 

•—4  • 

0 

•     •» 

m 

x 

Q.H- 

CC 

LUO 

zoo 

X 

* 

• 

HILZO 

hZ 

+  w    ►• 

LU 

--X 

—0 

r-«  ■ 

l~Z 

0 

<— I 

CC 

O.LU 

xooox 

ecu 

w 

XXLU 

-JX 

O^vO  — 

7* 

11  OO^lU^    — — 

-JX 

LU 

1— 

t/)<r 

<H 

X      JCZ 

CCCCLU 

••— •cC'-'   »•"* 

LUl/)~- 

«i— 11— 1 

t/l       •  +•   >C            004—1       «*-4 

OC 

3 

i-i  a. 

H-2 

II  CQOO 

U.'1-HCC 

1— 

CO"-"»— 

-f  oo^. 

a.<     h- 

T 

11 

«iXCt 

^H-Ol  +00^ 

•— 1 

o 

XOJ 

II  ■— 

II  o 

II 

o 

•— i 

3< 

M       II  o0«-« 

•-•5:u.i<r 

UO' 

ZUU 

1     <Ocot~« 

II 

CC 

h-Q 

2  11 

UOLU 

o 

LU< 

II  X 

—CO 

h-wO 

II  •—!—  21 

l-H 

c»- 

1— 4<— '•— 

•  LU  5!  CC 

1— 1— C— "O 

CO 

XO 

cccc 

CC 

1— I- 

i 

xcc 

<LU 

ii      «a^o  ii  i—cc 

•-» 

—  ■ — 

II  —  II 

l-CCCC 

II     <  II 

LU 

13 

til   i 

*m «►— 1 

l-H 

Z<U-LUCU-LUCC^LLLLI  || 

'.UXXC 

0 

X       CC 

►— O  LU  OO  LL  LU  OO  QC 

V) 

►-a 

■~"-«  u. 

—  cc« 

i— • »— i  ct  oo  a: '_)  ^  u_ 

LUC1 

OU-IL'CCU-- 

-h"—  CC  — 

» 4-1 

>— <  *-<—* 

>— I 

c 

1—4  1-  It— 

•3 

4* 

o 

o 

O     in 

O 

0 

r>j 

>r 

u\     at 

r»- 

au 

00000000 oooouooo 


OJ 


91 


ooooooooooooooooocoooooooooooooooooocooooooooooo 
(\iro<rirN>or^occro^-'<NJrn«4-i.nsor~aDOkO»-<<\ici>j-ir  .Of»-oooN0»-,f^r<"!>ririOf^-a;o>Ot-<fNir,>vr,^>o^-oocr 
>^<f<r>^»t^>^^LPu^iPLPLp,LOLpiPu^LO>OvC*ovOvo*c<;vo>D^f^r^r^r^r^r^f^t^r^r^c^ 

oooooooooooooooooooocoooooooooooocoooooooooooooo 

aCCDOQCDCDQUCOGCQQQUDODDDCOQCCOCOCCCUDOCCCOQQCQCl 

<i<<«i<t<<<<i<i<<<<<<<i<i.<<<K<<<<.<;<<<<i«i.<i  <<<<*.  <<<<<.<<  <k<<i 


NO 


•— t 

oo 

•> 

a: 

• 

u 

• 

CX 

H 

<x 

13 

U) 

• 

(X 

_J 

a. 

< 

a: 
cc 


O  U 

lu  t-  a: 

oo  >-. 

ID  3  h- 


m 


»— 1 

<*3 

a 

lp 

_i 

X 

LP 

CD 

a 

■■o 

►— i 

s. 

oo 

eg 

LL 

(— 

# 

t— i 

M 

►— i 

X 
oo 

cu 

LLK 

>— 1 

UJ 

cu_ 

— 

Cj 

*-4 

Q 

>— 1 

LUX 

O 

oo 

Xoo 

X 

h- 

_j 

II 

X 

<K 

I— 

— c 

>X 

LL 

(X 

—      O 

— 

•■••-^ 

COX 

cQh 

O      — 

—  X 

»-.»-« 

«M 

_jujcx 

i<"iOC 

OOO 

■i 

CX 

■n 

Q.I- 

iPro— J 

-Jt- 

-IX 

o 

co 

-J 

XU-LU 

lo     ol 

Q. 

COOL 

LP 

►— < 

CD 

►•-•> 

oox 

X  — 

•— 'O 

i 

t—i 

ZI  + 

+  *-*- 

•—  in 

»jt 

a 

ip 

1 

t-ttn  m 

a.     oo 

oom 

X 

H 

»— « 

LP 

—     f- 

•— «(_JQU 

OjU 

t—(\i 

a 

*-» 

I 

r-i 

oou. 

II  o< 

<LP 

— '* 

►— 

Otf 

-j 

■i 

t-XUJ 

0-      ••* 

t— i\G 

»— 1 

•• 

OCD 

CD 

o 

LLX—I 

23 

►-<-—* 

#     • 

^ 

X 

►— i 

— i 

1—1 

—  X 

>— i 

o* 

#l- 

OOiii 

X>-uj 

—    «<\1 

(VJO 

<00 

oz 

C 

t- 

l/)UJ-> 

CM 

C3t— - 

»■    • 

5.O. 

CM 

•  ■— 1 

i— i 

Li. 

>-*CC   I 

•  -J^ 

*  I— 

—s: 

a*» 

M 

•— t 

* 

H-    •  O- 

Q-LL 

* 

LU>— 

1- 

X 

X 

JOm 

►— 1»— i 

X 

•  U- 

u_ 

oo 

o 

cc 

•-J  II 

II  X 

c 

a 

X^- 

— 

1— « 

1— > 

LL) 

a.Q.1—  xf-ooz 

I—* 

LU 

CDX 

T* 

il  X 

H> 

OX'-'XU-XU.t-iX 

h» 

e?  2  >—  lo  H-  oo  cl,  ^  ac 

O 

UL!  i-.— «-»»—  3  «-*  — »X 

o 

LU»-i— •—•- 

)H-w(/13 

2 

H-  II 

IHI      KOZ 

H-  II 

II  II 

II     II  <l— 

X 

X  a.  ll.  u_  oo  uj  to  a.  uj  x  x 

xc 

u_h-c;a~  slli 

LL 

»— <»—<'— <►— 1»— i  ex 

.  .—  i-'a.ujUL 

UJ  ■« 

CO  vO 

I— t 

ex 

O       CO  UJ 

<M      X  X  I- 

O        •— •        LO  <  >— l 

LP  CLCC  OX 

-•OX  0£U-  UJX 

L_J  »-f--  HIJ. 

K       O      C  0<  MJ 

(jj       LU  UJ  Z 

o  a  xo  xc 

cr    — •    a.  »-<x  »-x 

w>    a  >■  uj. 

-»       X— I—  —00  -» 

O      *-»Ooo  OUJ  O 

•       •>— i  rP«x  i— < 

_.'—_-     —  -•                                   mm 

UJ          *4.     •<>— »  U_<*«-             OLU       v0-~ 

X      XOCXw      cX  D—           fXLPZ)      «- 

X      UjcXCX      l— lC  X      K      X      ZZ      H- 

»-h      »— i-i»-.uj<^h  n. ■Uj<O»-«O'-,CX0U< 

I—     — ■  ii  -i-r  ii  o.t—»-x  it  iii-i-DKsa 
x        ex     i-'cxcjcjX'-xxxcj    ^h-'-'ixcja 
o    u-ccLuxox^cxcujctaauJXCji-x 

O       wt-t- «."5LL  >—  V)<_J-£LL>— <i— iCJLJX  jCU_0*JUJ 


O  O  C      O  O      oo 

O  <-<CMoTLPO<-«  O  O 

— «  '-<»h^h»-'Ov(j>  ni  u-\ 


92 


ooooooooooooooooocoooooooocooooooocooooocooooooo 
Or- tciro<fu^*cr-co(j-  o«-*(\imsMPNOf*-ooovo»^,<>Jcr><'i^sOf^-oD'J^Ot-H<\icOvru^  or*-oo(^  o^cof^vMn  >or— 

cj»^o,OsO>vJN0-C7N(T>cr  OOOOOOOoOOrHHHH^HrH<-*FH«-<fvJr^Cvlcgo\iWc4(\!(\)(\ifrir^mCimfr;rriffi 

ooooooocoocooooooooocooooocooooocoooococcococooo 

QDCaCJCCOCODCDGDCOCCCCOCCCCOQDQCOCOOCQQCCOOQCDCOD 

<K<i<<i<<»A<<3.<<i«j.<<<<<<<<<<<i<<=.<<<i<<<<<<<i*i<<<<<KJ:<<-<i<< 

t 

o    i—  uj 

oo                                   H-   «CL  I  SE  |         •  >■              -J 

uj     •— i                                 s:»->  >  uj  cc.  qcluoo  _j            lu 

f>                                                           <QCCX  <£  _J  O  <tOLL'  ^ 

lux                  lx<x                             i-cu  DC  uj  u.  aorx  c            lu 

xh-                  lu     cc                             <tu.w  a:  i^-  lu»-«                  x 

ko                  >zo                            coco  <  u-  2:  x>h-  t~           H- 

2:                       XCa.                                        2X  O  <  »~2X  Z 

lulu                   >-•     t^                              lu<t«/)  uj  cl  +—C-  >—            ll 

u_i                      oz                             xcx  x  oc  t-  cc  <c           a 

CC^KS                                                (-!—•—  I—  UJ  »C_>  (— 

ooll         c         o^a:                                          00  CT2  UJ  OZh  2!             ^ 

h-O          2:               31-                                      OLLQC  UL  ■£  ur  LL<LL  o               1— 

ujx    >    <        o                                  xx»-i  o  x  cc  m    ll  u           cc 

golu>-cq                oiUJoc                               ►— 1— u~  ^  uj  »— c:                        < 

cc\—<f-           »         <cquj                                2:  «/»  >  CtX— i  <r             Q. 

luXccZ     -J         -S     <-*                               ♦— oouu  2:  11  2:  <x<il/>  1— 

>c_a:uj                 ccucc                                 <t^X  D  •-,  <-S2.  «i             > 

X<-><t>         •           COOX                                       H-i—  (-  hh  <•  Offi—  CJ                QC 

>—        i-»    uj        u-jQ                            2<  u)  1—  (X  2c                     < 

LUC(J        _J                   <TLL                                                OH-    »  Z  .<  O  <U-LU  r-                   X 

CIuj            •          <  —              UZq  uu  o  t-      x  O              i-h 

xi—  zoo                  >-<  ^               ciu  x  U  tOULJ—  2           o 

<    C-1     ii        cl<      •  or           >oh-  •—  >  cc  o                     < 

U_— •                       LUXU-'X  c              <      o  C  <  <      X   •  •—      Z  LL      _1      X 

QCooy      •        x     </)c£  3            a.<uj  a:  3     q<zo</>»-«  o     <r     *-• 

cc     Za.     uj         t-i— <rx  ■«            cxh-o..  uj  a.  cc     Cazz                uj 

<li-LUO       -J            UJCCOH-  ST                  <<X  X  <  CJ       LLC       CO  Q_       CC       LU 

ilXXljL.           •              XX  CX.                           CLU  (-  LL        IAU-UJ»—  LU  LU                    X 

cclj^co               3:0x2  a            _j  lu  zi^c:!-^  x     >     \- 

CU.QZ       rH                   i-LO>-«  LL                   <1>—  tO  CO  X  <X       <2<.i—(X  t—        -J 

LU/1  I  <           —      X      •—  ►—                ZXi-<  2T  h-  LU      jc;<      ZLU  UJ      UJ      J 

2>-a.-~  *._i     o     xx  -           a  a  —•  x     h-ccoo-^  x     a.     — 1 

LU<«jf-r»iKC>v       O.    «XC  X                  ►-f-O  X  LL  I—  h-XLLLU  3       X       < 

T-ccu     i-i     —     xc     nh  {j            toxx  -1  o  •  lu     o     cujet           a 

>-»— XLL  I  c£<-i          LUXoo  i-h              ZO*"*   •  <              XX      ccuj>-.o  O                ► 

>— X~3LU  I        loX»—  X  </>                UJ      cCH  H  oo2  3      <(/il-      LU  X      t^    »0 

i/5q:ooi ^>^-     Qa:     lu  ►-•             Sxujco  X  x  »3Di:»-<LLcx:  <—  »—,\±i 

U-.LU        -w-ot-     xc  -x  ►  oo     h-ccuj  o  o>  oco:ujzx<  K00    ooc 

H*-<<UU««     at     luu_>— i  X  h-     Q     ait—  O  ►-•<  2ll,o>m(-  <uu<>-'r- 

XCC       U-^XO       O-X-CCQ  «  2T         I         COO  iS>cC  '-'XULXU.       X  UOH2 

0-X<         I   LUOO       UJaiDC  Q  LU       >-*    •       <  >  Xx  r-  (X       ►— UJ    "CC  *-_J<t<XH- 

£0>— t— ^l^*      cjq-XX  X  X      i-GZU.  <t  i-u<  <GiX     CiOtc  0<<-ju.'ll; 

ull<x— <■»-•            <o  »  x     _ilu<  or  x  uilCq:     <tll  x>     xoo 

l_>     clu*»— o.     ^.lu     *^  X  cj?     jzauj  cc.  •-•uj  »-'a:u»i_.Lu_jt/i  t—     a_»— 

H      X*       *       OcO-JLU  2  cC      XcxlKX  <r  CX  CLU      U-O0X>2          _l»-«Ooo 

i—            i—  coorexoorvj     r-t     <r  uj      •  <         oo;^                    h-  Xa.— <     uj<_ ;<  a:<         •— 

Ct                  CC  <  a  Q-*  *-•*        i^CZ'J  O       <                  00IJ.O  vf  LL  •—         I  HlMQL  LUUJO<-< 

X                  XU.LLX—       X       '-'r-CX  X       t-  LL       -H-00LLO  *  CX  LU  II    t#  t — * —  • —  Off    II    II  X 

O                C           Oit:XO                >-C  UJ      <  Q      XX      X  GC               »-  XCCXX  LU      XXff 

LL                  U->-       O'-'X1-'       O.U)vl-J  X       C                  U-i<t_Jt-'  LU  a.  LU       OC5  h— >-Oia.Lv 

UJ   •     <oooo      C»->X<  O     ■— '  X      -Ja.<0  O   •  IU(/)  OCHM"  X_jCCiLL 

LU                   LU*.<XH-       -<                   LU  LU       h-  O       OlH-XX  LU<  CCI—  UJ>— O000LU  •-.  LU  LL  LL.  "— 

X                  XXKI— <LUw       LU3IXC  UO       CC  <->       X       ff.<  I—  r-  XX  I—       mm|-                       a.— <♦— 

i-i                wH<-50la       Xff.'-'LU  x  t-       CLUOX  X<  XUJ  XOO           c  XX            LL 

K-      UJ      hlO      — H-X      JOGS  O      O  a      UCCZO  i-iC  XST  i— i-i           2  <Q_           — 

X       CO       X>-       LUX       LU       <LL   I   CC  X       LL  ■-. 

c     a     Clu>XXLUii      >o-— ic  — '  CC  XX 

Ca:     a-     a._j<t»—  000:3:         xt-u.  «j     j  o     <  X  o  a: 

X13       X       COCqC            UJ            UJ<— )CC  — i       ^J  tO       I—  i-i  — <  C 

LUX       X       JOtt     *       X             XXXLU  <<LU<  2  Q  V)  LL 

to    o.    l/-)lj<-j    3        ht-  sa  LJuoa  2xt->  •-• 


OCUUUUUOUUOUUOUOULUUyuUUOOUULUUOUUOUCOUULyCuCLUU 


93 


ooooocoooooocooooooooooococoo^oooooooooooooooooo 
ao<^o^r\jnisfir\^p^ccc70,^™<^^Lr\vOf^ooc^o»^<\irn<fLO<o^ 

oooocccooooooccoooooooooccooccooooooocooocCoocco 

OQCCCOOOOOCQQQCOOQQOQCaOCUQOOOQQGClOQUOOQOOOOOQOQ 

<<t<i<<i<i.<<<<<:<<<<<K<i<<<<t<<i.<'«i<<<<<<.<<<<<<<i<<i<<i<«a.«'<a. 

+  + 

uuO  Q  ■>  2      O           I  O 

<_;<£  I  LU         •  U.:>  UU-iO  *-0 

<:>-*  >  UJ^LUOi    ••  QD"=»-       UJh-  II        10  O>0* 

•Z2D.J  <  i  txXujoo  ctaiXiu     2:1— CO          I  —  O 

(JJCJ*-i(/)J  a.Q-  LU3t—  C3LU    •  t—  C£2~I~-JU_C£  lu#cj 

o^-"        <  qc<  cot—     luzo  c:<»-<        ZUZli  2.00  • 

<to    :*:<«j  <cuj  ui    *-<-''s  t-     (xuj    idu-o      •  co*ru-i 

cx2  «c:  a:  <  I  aa:  •2<x»-  2<a.cc  «ooto     K<         o     3 

oujocai  z                        co  f—  q:-j    <hhq.  t-        cm    2        1—  <«4-t-o 

KZS3I  <_*                        —  -  <U-Oll.it-           u.  |-<Il^r^^    •»<    •   ►<               3"— 

(/>»-*-    >-  _i                  —1-1  caua:<>-zu  iuot-s#wa-«-Q        20«£ 

L->       O  ?>-,                            i-i  X<t-)ii:u  _J       t—Z>C^>->h-  LLU7               •►-CCX 

o    u-2Z  C3  —         1  uj  uu>t/>        <    00  ir    to           s:nx  o     <rtj 

2>c     •-  as:        2X  »xi-     01-     2:0c  10     iit--J32Lu  »~ci    uj 

>-t«3        ••  3<  ,-t          i-4|—  |-t~c£-*ZOU.!<C  •»—  I —  I —      <<I^C— l  1—  LUUOh- 

^<xa:c3a  t-  q     *q  <t     c^<o-ccXi--  <t     z^imxz^oq.  <2-z> 

aiccujscr  Q<  2     ->zn  5"   »u_—     2     t-c;  jZi-jihOP'iuz  2:a.too 

Q<x^t— uj  uuo  -5     —  -50  cc   •     2X»-<>-     <  x>-*          3     f-<r-t/"U  <Ua:a: 

3     c     ^  2       •      ••    r-<w  cjujuzu.'     -cton.  t     »~     to  ••to  +  co  acti  lu<i 

f~a.Li_  <x_j  —       •      1  •«■  to  u_   »h-     _iujs:q-;  crc  —  a  •     h-zcmq  cjlo;>;£ 

a:co     c>-  o<s:      •     —i—uj  •  1-1      »ai     uj2  oxi-  •  "O^zoz        2     a: 

Cuj<     to  u-ZT'-'      t     -s— 00  x«~cl<:z>  >-Om  u_uj2  «toi— 2I3«— q  uj<oocj 

U-O     00  C£.—  0       •>     —  I  _it—  uu      z>l— O      <Uj  _j          ►-.^•-•^s:  cQclOLL 

crKctcj  luoz  fM     Tt-sKtu  — <o     <o^uit—  x  <-3cluj->         a-*     co        t— 2t— 

•  Ci<cujuj  o.,-*—  -5    — .!—>  o-oct-o     20:20  zzoo     |_u._tc\jxo  2:     ex 

O      UJ-JZ20  Cf2        »>hQ        •  SluO      l/>*-«  <*-•»—  *-<coiC<Ct-H'-,Z  <lLut.JC: 

•  to        o<  toC2  >-*cc  1  2uj— •  CiviO-j>-o        a:  2UQ.^I     -J  +  too  ocquj.-. 
o    x>uitoa..j  •-!    ■*  -5    hmj-  o        <<<<uj  o     sr->  h-  toz3-~t    u>           to<i 

Im     a.  uj  •  —2:1-"- .ccr-t  uucoluis-JI— t— co  -jcto*      uiS-H-  11  uu  2._j     2: 

CJ       >H       UULU  —X     •             LU— .»»»——  Z(X>— •Qi_ja_<'-<QC  -JL-iUJUO    »tj       —       to  <I_JUOh- 

t—       <       X.CCCC  r~ •»—    •  LU>—-  -K-OOZ:  ^<             <UJQtOLU  O        UJ       (— t— <.  *  LU  O  <X»—     »l^ 

oiujo*1  +     *  X'-'-fr-fr^z  "Ju.     oc:     ace     u o*cu    (—sec  02^ 

»—     os:o<-i    uu  ii   •— «■  t— c?*  srtj"^  uutoszciu    lucls:  <        i—oc'-'o  (-1    --^uu 

ui     <t-.x~co  2<<m            1-4t—CL-~  cdi— »—     q:  »isr)  ujuj     mzu.ai-t-'H  acx     X 

lo        s2h  cm >i^2c    «-<  q:kz«i-cz  x<x  »i^           2:    s:  out-u»- 

<fK-      — >  *-<fZ  <r«-«-«-2-'l  K<1      DC      I-      U           I •-M-2CC2      O                t2 

UJ      •*        »-2<  toC2  a.      -3J-  tOQ_OOto<ii      2  •«•  h-.lulu  +  C— •  to2~a: 

CD      _JUJ5:22:  — 1      -K-  ouSTT"  ■«■<»—  3      ZLLUJCCZO  >-tO-M-m      Xit:      <LL  — 'LU—  C 

<<£•—  — <CCm    •      CL  STV*—  tOX>           O  COI— -      0H-<0      ^  X-JLOLL. 

I-      UJ      O-J*:  r-*^-i           CQ    '0:0  Ci2:2_lU-2      t-  ZN#3Uhl-l-D  I-       + 

to     a.O2_J0£  S  I  •—  -JU-2   »UJto  «z<<ooq:w  Zh-     1—             2^         2up.io 

3        -j  »<a  a:  11  2:  <to»-«*  >•*  h-2Z5o:>    — 'uu*?-  uczm     — iuj  n  •-•*  >•— +  0 

2*      j3   •     3  OZZ  22    .-~C»-  <I^cr:f-      >toi-ui.  >G.Z^ULJZ      Oin  CD      ir>2 

<o  «u.  u-o  a<c  «»^    a.  ao        s:<2to  — •     ■>.*  #  c<»—  *—  o-'*-        o—o 

<  zi  ••^-o  toi-i>  «cr   •  1  to*  <r— 1—  ct a. ll'O-  c5u--~-«-         h-        »--  acj*o 

t—       U3C0(M       2  i£:tOCD  tOJ—    »CvJLUC\)       t—  Z._jtOOOC21U 1  0«-<«NiLOU-       tOO  +  LUC3UMJJ 

<  ►-<      »  »<  <^,  2     (M-50*  3"-»<lull<ch-i     cc  h"     — '     a:Ouj»-,2rfM  ct^r^LO 
C      toX-^QC  (X— O  a>LU»— —22  Q.      LUI— to      CLO<r  Ocz:2tOC      X      •—  2T  UJ      ^ 

2>-  11  <Q    •  H-      UU  2TX    — «■  <0  2«JO.^02-J       2_J  <LUZ<hZK<K^  U.  >  +  O 

2      UUcO*-*— 'UJUJ  C*-*  ►— J — 1—1—  cCt~  — «_J       <<t<X33  UL.CO  II       03      I— <tO  U-<—  O 

•->     2:2     dcu  lulu_j  c     •-"•-1     lo  <cu.a:Zuau  ZHKW     <C#  OctrMCO 

►-•LU    »UUJZ  */)21Q.  I  U.-  I   Z»-<  UL.       LU       h-'-l<       >-l  ii3CJ(-JU.          tCj-JO             O.  f  ^J 

to     Q_j— »-!ujiu  ccaM  '-•C<c\i3— '  Ctotoou     (Snu'SO)—  mZH 3     lu   •     uu^f  u.<(\/ 

>—        I        "-KZ3  IUiCH  I—      H- *—tOCL  i-it-<cuJw      <tcC  Z^lLiX*  >——■♦•  O       -f  II 

2     ^-tco— oc     O  >u-_J  _ih-<—     X  >     ^u_xa:u.cji<  to_J          Xh-uoO     O  2_jcvj 

LU           >~2<tOUJ  2tOX  320— UULU  <    oOwi-COOa  •-*<    •»  *♦—      iit-OO  «-.<+.tTi 

2:     <H2an 00  t/»     hzs  2*uj«-'*  x  11  a:o-LO                c  >— toto     uu^  200  >2^^ 

•^         <t            zr*i-H  Q^ujt-i        uuxcxto  oa<-"cr:u_cDLO     ro«—  <c  +  ^ 

of     2QC   *  <Q3<M     2!  <>Q   •— XH-0-*-.  21-      Oa     ->>LUrn^  uT—ro-ii- 

i£  <       <H-Ct            QLU03UJ  LU       h-    •»— O  HH       H-h-       LLOItO       I—            00—0 

C£  21                <  QC2T           CtO  'JJ3UU22      2IUC  ZUi<U5'Z^li,UC  LU2-rt-0 

C  LU      U-U-LLi  OO           UJ^C  ICciUJUZU-XZ  mIKDJ^IQi-  XUJOO 

3.  ac    nca  luuj        x<i  i—x<:o>»— ji— <  h-i— h-u,toto  mt-uz  i-z^-f 


'JOUUUUCUUC'OUUUUUuUUUUOUUUUUCUtJO^OUUUOUUUCUUUUOO1- 


94 


ocooooooooooooocooooocoooccooooqcqoooooooooooooo 

co  oc  oo  oc  0s  o^  0s  lt*  cr-  o  o  o*-  c  lt-  o  o  o  o  o  o  o  o  o  o  >~*  —*  »-*  <— •  r- 1  •-«  «— •  »-<  •—■  »-s  «\i  cm  cm  cm  cm  cm  cvj  cmcmcmccic<":COp"> 
»^  >^  ^  v^- ^  >^  >t  ^t  ^  ^  <fr  >fr  <f  ^t  it  tr*  lt\  u-,  ir\  tr\  u^  ^  ii^  if .  u"  ir<  tr  tr,  it  t^ 

ooooooocoooogooocoooooooooooocooooocoooococccooo 

COCOCCUCDCJOQDCOQCaDCQCCOQUOQQCQDCaCOCGODCCCOCDCJO 

<<<<<t  <<<i«i<i<i<t<<i<i«t<<.<<<i<<i<t«4.<.«a.<<i:<<t<:<*a.<<<i<<t<,<i<i.«i<i<t<i<i< 

I  LU 

IS>      t-  ^  X  2        1 

uj    2               x  i—  •  s     <        co                • 

OJ     O     UJO       *     O              2  •  I—  Z       I  oooctu      <X              h- 

1  _l      l/IZh  UJ                           <  OOOO  <OLLit/:  Zl/5       X           LU                u_       < 
K"      <      LU<t,~,V      2:  •!  — «LU                IMIZ  i£  — i»—»~UJX-J                u_ 

>     iX          X     Ci  3lI—  2              l—  M—<              <oo     cct-o-                       u_ 

2  a  a<  «o     u  «a  •*-<                <     a:  t-     <oo     2^. 

O      X      LUXU-O      U_  CCoO  Ih                ZOZK  LLI-uO|-CuJO 

a.    a:     oi»-i<o    oo  ooo  x           <«-•<  u.<dui-i-o 

x    o        kh       2  •  au  20           uiu.           x    •- 

u_     »—     ju.     <ioo  oc_j  <cx             I— a-h-o   •  uuh-zcfc— uj-j 

m     i/i     v)u.luo  •u.z  u.  oceoit'UJ  •     ex        — <  jl.     i—i—  x.^<i 

2      2      XcO      21— C          oo  KDIIU-^<uj>-J  l-Oi      WUiOZ 

c     <r    x           o    >-*  oo>-i  <xt/ie-f-2co    i/?i~<        i^"uj i    o 

•""•      CX           OOQ    •  ►-'LUJ—  hh  O               «-iUJUJX»-*LJ  llcqujc£q_oo»-< 

i-      K      WZZ-I^IU  X—  U_H-<Kl—  _)X      _J  C<h~      5I»-«oo 

O               LL:  *-<X.|—  2  J—  2  t— •—  LLh-DD      H-C'-'U-'           JI-OO      2 

•-h       u_       X<      «^UJ       3            — '  GXLL<COOCX       I—  CC  — I  ZhmZj    »LL 

QC     C      JZH'-ZCit  ZZ  LU      Q      ceoz      <e>  0<cx<     ^z. 

h-           <c<*  — i*~z  »-2  c-J      •        u>(xa.2  ^>3    lucc— 

oo     cc     >Oh-ujo<o  zwoQI-a:Q-UJ-:I«  oc<     Ocooo 

LU       UJ                  JQ            -i  O0>  XXll.  LULLLLX'-'OoO  CC       OT2       Q   | 

CC       CO       SUJLU-K-  ><Ci  KZ  wZOH-H      KJ  LUO0«->UJ*-U_LU 

x     cx>a-»<x*-o  -j<  Q     a<     <o<lu<  >_    _joo    2 

UJ      ID      C~      hiLU<w  <  LULU^-orH-LUXLUX                     Q      XOO 

UJ      2     ll  b-o0w>Cac"  Xtx"  -JXt-OZct:i-'     h-X  lucmxooxuj 

(X              vlUOZUJ     UJ          Ci  «I-muj<OC_j      H  _icx<<      _j<    • 

X     lu     2LU22     >-0-  ex  a.     CCI-     ^trcr*-.  1-0         X_j     a 

H-      X      <Q.»-« -CXX  CS  ZCZ      xujlUo-LUJS  KCZ"U<Z3 

y-     cxooo^OQ-ll  cx»-H  o»— O-lucuu-ujo  <iu.a:Q:t«ooi- 

OO               KU^<>-U.ZO  CCO  UJ      o— I           LU2!>*->  CT      Q>— X 

iju     q        cxo-q.     >-«  mz  >  1  oo>>qlu><  cc:cu-X3  m- u. 

<_J       2       LU       U1*  LU       </)  U.UJ3Z<       OOli  LULUt/51 'S^C 

<  <       XCt       fMXLULU  CsCLU  HH<ja<£    »      CCCC  >_)Z           <<r 

_j            h-»— u-i  ii  <X— J  C*-1  a: "-'•-'         f-z:ci.<         _j<uj>ct u-ol 

Q.       <            LUC^,U-t/)H-0  »0       OiLLt—  UJ*-.  h-<C£2<I(j;       LU 

h-     CXlucj         >  oo>  (_  o>ujCci;z     uj-j  i/JuKOaG^2 

2:    <     xi— Xh-uj  »o  uj—i  a:o-J«/)     x,-|CiZ:<  c            cccc<rc 

CC      O      <      HJIH  OUJ  Z)<_J      OOhZOZ  2Z3!a:»-<CL      Q. 

a                       2       LUf— 0OUJ  <(—  C       <UJ«-.U_Z5<_JO            <LLX            00 

u.    »—    <i-«oq    <-j  oo<t  u.qucd<    a    <>->  dcc-'CJ*—  ccq< 

u:     o     (—     X     luluO  i/T-1  x*-1     iy>>ccuj     </)  Zoa^cOXUJcr: 

X      O.    »<tcO<— |^C0_JX  luO  tO^^V      CO      _JH-X  <cx<iq.x >—</> 

<  ZUJQH_I<            ^  XLU  iC       0<LU       -JCDfXLU            ct!  U       ZI"XM 

o:    i-<2:     2jxt-i- oo        x  uoJZEQ^'-'Dr  kq.u-w»-l,(- 

»—        <!»-■— <t—o<  c£Z  •—  Lua        LuaLxqjH-  vj        m    z     x 

lli^oCo     X     t—  C"-1  i-ujX»->a:>-1uju.Q  LU<rt—     lu<c»- 

cc     x     o-Q.     lu     >x  a:  <o_i—  oi^j'—     _j      i  t—     oot— X     20 

LU             LUX             XO-JUJ  CC.O0  <_;CO<3"XCOX)LULL       »-4  CO       <!-•(—       H-X 

NH       CKiX'-'Q    tCtLU^U-.  UjZ  ►->       lC<Ol          •>—  <    «U_               •       LU 

CC       LU»—       LU>->— LU<f  LU            JX  JZ       LL  CO  UJ  I—  LU  O0  _J  LLQC            U»O00_J 

j    co    ojuo    ^cz>cc  ax  0.-1X    ccc    xlux>       ouj  «c-cx 

C      XluX<XUJ      (—0.  ZH  c_      1—LL.a:      >OZZ  luXXX      H-Xlu 

LU       XCOt— Q-LUCDH-CLLU             LU  < LU «4.  U Q.  LU  CO X  f"  X>—*— <O0       CC  W 

X         O0X     <LUCC  LUCC  _jj_         o         (— <  t-x     kzu.     a 

H          (-InOKKU  01  H-cOCt>X<tCooX               <WhCCCI 

<^      LUOOt—  XLUO0_JXH-  <X  LO<LUO<0-LU'~'00  00       xx1—      Zi 

<    xxaoocxLuax       <  oo;o<olooc:    q:x  »-<uua:aoooo< 

U_    •h-XCOLULLXCOCU  LUCC  X<       CC            *-•»—       •-<            XCLLXtX       >- 

<  CtO     •  O.XXLUi^XcX_JX  OOt—  LU       LUUJO** 

ujk  luolu  iZi-LZiO^oia:  >->     ^uZ3za 

X<    •         •                          •  X.CCZ.  QU«0<UlUCiO  XCLUt— «-.aUvCC 

h-Cf-l       CM                       r»1  r— U.Q  LUOS^OOjScdU-*—  LL  »-(—CLoOQQ l< 


UULiUUUUCOUUUUUUUUDOOUUOUOyUUUUUUUUOUUUULULLCOLUL! 


LU 

O 

X 

H- 

X    • 

CL> 

X 

0«"H 

O 

LL 

<^X 

LU 

x< 

X 

<oc 

(/I 

at- 

00 

i-q: 

^-1 

0 

CXU- 

_) 

LU 

< 

-<x 

1—* 

QC»-< 

O 

X 

LU 

or^ 

Q. 

O.r-1— . 

00 

•» 

CXXii 

— . 

<      X 

r- 

3lO    * 

>c 

XCM  — 

0 

O       O 

<-* 

LL>IT\ 

CO  — 

LU 

_i       *L 

X 

<CVCX 

X 

Zc^G 

-5 

O      3 

^* 

1— <Q    •» 
OO  LU  — 

LU 

X 

00 

XXfH 

_J 

X 

LUO—I 

<t 

a 

X-i  • 

> 

>— 1 

*-.0-")U^ 

H 

C*^fN 

X 

LJ 

1   UJ    m 

LU 

<* 

LUXOJ 

*^ 

-i 

OO 

LUi-«rO 

m 

a. 

X 

CXC'-' 

r-H 

2: 

< 

X      < 

" 

O 

(X 

h->»- 

LO 

0 

1— 

<1<1<ICM 

11 

1 

clC(- 

"•(\iU^.  m— 

1  0 

•CX       ^CMf^CM 

nx. 

LU*-* 

p-i<ZOffl   ■ 

^ 

*      - 

OO 

0 

•^»-i 

— 4 

-H-) 

XX 

UJXmXZ  II 

II 

II        » 

lu<: 

_jLUO0LUX»-" 

-):*:•- 

cc 

auzj 

1 

>— 

'JJLU 

XCLLUa.<t'-« 

r-l 

—•< 

ilil 

<ZZZh 

h- 

LULU 

XUWU<CUC< 

Kct 

LUQUQCQCQ 

95 


ooooooooooooooooocoooooocooooooooooooooooooooooo 
>tu^vor^ooc^o^^r\irn^Ln<;f^ooyN0»-<rsjfO«4"tr\-or~Qoc>ol-<<^ro^rif>^3r-oc  oxOi-«cvjm*rif\>ur,~coasO'-« 
ro  m  mco  mro  «$"  »tf--4-,J"  >t  -J-^  -*■  ^"  -4*  in  in  in  ifkin  m  mm  m  in  »o  >o  ^o  *£  •&  >o  %o  >o  «c  o  I*"  <"*-'*-  f"  f*~  f-r^-f-r-r— coco 
ir.  in  ir\  m  ir>.  m  in  in  in  m  m  in  in  in  in  it in  m  in  in  in  in  in  m  in  m  in  in  m  in  in  in  in  in  in  in  mm  in  in  in  in  in  in  in  in  in  in 

oooooocooooocoooooooooooocooooooooooooocoooooooo 

COaOOCOUOOOOQaDQQGOQOUCQQCOOODOOUQCCQOQDOCQUDCCD 


> 
•a 


X 

VJ 

(X 

LU 

<l 

-J                • 

X         «/> 

-I 

<</}     a. 

< 

K      2 

LU 

OZ5 

at 

^ 

X 

< 

co<r     r*- 
1/1      (7> 

IT> 
LO 

c 

x 

ZX      p-I 

vU 

o 

o 

<UJ 

LXi>       |— 

—       CO 

< 
u. 

z 

OLU     tr> 

X         -H 

IX 

GX      3 

O       CO 

oo 

u 

CX         o 

s    r- 

K 

a. 

Q-K      3 

•>     c 

»— i 

i/) 

OH           < 

s— o 

2 

uo 

Xr-t-< 

LU 

< 

MhH              •• 

O—r- 

on 

x 

WO      t- 

u-^o 

< 

h- 

<          X 
CDLU      *t 

>—xr»- 

h- 

c 

X      O 

Z30 

< 

IX 

LU»—       UJ 

o  »v. 

X 

< 

X            CD 

HH^.U_ 

3 

^ 

t-CX 

l/5CM_J 

<•* 

X 

O       LU 

►-fo.X 

•* 

SC 

o 

2TUL      2 

►wH- 

h- 

X 

u. 

c       2: 

S"l— X 

O 

o 

*-» 

x<     < 

•— *o  » 

2 

2 

s 

_J 

O 

LULU       O 

0<«s. 

O 

*■ 

< 

► 

Q       "3 

2lu»o 

•— » 

U. 

!—• 

2 

o 

X»— i    • 

»»— i0> 

oo 

i— i 

|i 

o 

» 

LU       X> 

2   »h- 

2 

1— 1 

1 

COt— i 

1— 1 

1 

2U-UJCQ 

ZII- 

2— rH 
»i»ii|f«» 

LU 

Q 

2 

1-4 

•» 

2 

m 

UJI-JQ 

<— o 

(\J 

>— i 

<i 

1-1 

m 

LU2-^ 

f— i 

X       <LU 

f-2rr 

•» 

a 

■fe 

•» 

s:<>r 

h- 

p* 

co         <s> 

<t2in 

o 

C 

H^ 

2 

l-i{XvO 

CX 

*r 

«  — <— 

a  »co 

fM— 

X 

i. 

JS 

«— 1 

2 

OH-   - 

< 

>o 

2f-x> 

— »-«.^J^H 

os: 

o 

HI 

H 

1-  » 

•» 

i  a:  cm 

X 

*» 

<tvC_JUJ 

1— i— tro    » 

s  •*- 

< 

a 

in 

COO 

<I 

LUO-— 

<i 

s:o^<x 

X'-'COi-i 

hOQ 

UJ 

2 

•» 

X 

3innj 

1— 

ZH< 

_J 

i- 

QCHCt 

3<It\'  •» 

Cr\i»-« 

•» 

o 

o 

Or—  *0> 

< 

o    >- 

< 

<t 

C          2 

Ch  »o 

Z^* 

X 

i-t 

o 

•">(N3h 

(-) 

<£.<. 

UU 

•o 

2IA->U 

U-<vOCM 

•—2 

u 

M 

l^« 

(X 

>#  >— "-"h-a 

^» 

— 'O^xo*- 

2C0»— i 

Q^O^ 

^—2 

LU 

X 

•> 

LU 

i—  >0   •>2'~ ' 

t— 

•            -O  II 

ii  i— 

a: 

>3      H- 

ii  f       — i  — 

nr* 

»wi«^ 

CJ 

2 

ai-<t-.o+  ii 

(X 

Oi<tZ 

»■**< 

—x 

-Li 

CU-5Q< 

ZZI-h 

ZmH 

X 

QS2CVJ 

a 

—  O  1  rvJU«-» 

r> 

OOhmi 

-O 

3" 

LU»- 

hCO  1 

mCO 

o 

I.  ii   i 

•*  a* 

X 

«-« 

^i—  ♦-  —  SLU 

c 

LU       i— 

II     » 

-C 

51 

s:    1-2 

l-«2S 

c:»-«»— 

a 

a 

r-<«— 

X 

2.  i  ori-"H(- 

u. 

JIV)' 

—  ~4< 

NLU 

< 

<    »</)UJ 

Z3«/1H-«— "< 

Mt-^z 

-J 

OHQ.H 

< 

2 

fM  ||  3T-3UJ2~-  +  <_! 

XH-2 

•w 

x 

xxujs: 

02      Q 

II       2  II 

(\|h^— 

2  1 

II 

II  r—  11  OX  'I  1— LL.O 

-J 

SOuj(\i«j 

O 

0LU03 

XLU<t2l—  C\J2>— 

2 

ii  cr>-£  ii 

2 

o  »-<  ^>  c  3:  •— »—  <-J  lj  ^-  o 

-J 

<2I 

H-| 

— —I 

o 

coou 

cQsrt-^-i 

3     ^O 

>— t 

"-H        2 

rgw 

23  II 

t-OLU«—~3<  II  — 

<l 

xuu*-o**<<r 

r*> 

x<:jo 

—>  h- <t  LL 1— CJ  LU  1— 

< 

XC  HQ.U. 

</) 

II  t—  u. 

QOIU.U-1-ltU.   II 

o 

UUQQOCU 

x 

accwo 

iflCCMi 

ZQhZ 

2. 

2Q22— i 

*-« 

2-2»-H 

»— «!—•»— It— I «-H  *1  >—■»—•  5£ 

CM 

O      ^<NJ 
^H       (\|  U1         •— I      HH 


36 


oooooooooccooococoooooooooooooooooooooooooooccoo 
<nj  <^t  ^  ir>  ^o  f^  a;  cr  o  r^  cm  ro  <r  ^  >o  r^  oc  o^  o  i^  c\j  m  *^  ir\  >o  r^  ^  o  o  ^  c\j  <r^ 

ooocoooooooooocooooooooooocooooooooooooooooooooo 

UQCQQOCCCOCCDCDCOQCCCQLiCOCQQCQUCQQODCCOQOCJrCCCaQ 

•  i 

O  I  Q- 

»—  X  o-;      O 

uj       a  1 1—    oo 

i  u     i      •  <x 
»     i  i      o<i>a 

x    Q>    o    cuaz 

I—      UcO      O      X      «5<* 

<^     x  x  h-jx 

i— a.  i—  uj<''-tuj 

••     u-_j  a.  Xu,tTh- 

X      3t-<I  X  a.**'* 

i—          X  2:  a. 

•  ex  •  2^     a~ 

uj     Zuj  O  UJOtUUJ 

X      UX  Q  >XoooO    • 

K-      •-.»—  C  LU2C       > 
OOC                         X      (X 

CC       ~<C  2  Z<M2    »h- 
O       LL'LU                       >»       Wu 

u.    xx  •■  ►zqujs: 

>—(—  x  x    xox 

2:    a  o  ox<-j> 

oi        o  m  mi-     <rvo 

O  XX  oo      oOOoo> 

U_  oli-h  2   •ZZ'-J      UJ 

to  rn>  LLOUJLLO-.lt— 

2  -1  Xcxx_j_j<i«j 

^!       C£<X       t— «Ujh- 1       <tUJO 

a:     ua     qncu->iid 
k        x  on 

Coo      I— CJH-      JC2 

_i    x        ooi— oo><tu-!C 

<       N    ►      H       _ KTUJCXO 
UJ  <  00      QCCOX. 

cc     ujk  LUh-uJo;     <r> 

x«t  ioiKora: 

a:     h-Q  1— <H-     ujx 
a  Q-     xexzu. 

a.uj  cc     qc:u..'uj     _j 

x    ox  c>o_jcdo< 

r-H  CC       ULJ—    •U.CCU.Q.SCX  vj- 

m  1  c  >    <    xxc  —  r«- 

»  1  u-     xmctxzxQZ     cj  o        cm 

■-<  OOOO       CC —>^  CC—*d\J       LUX  O  "vO  o 

rr,  tux      c<ujcoq      ^xu  ho      >o  o 

H-   »  00<    •U-XXU.<LL«=rUJH-0  »o      UJ.-H  ^ 

000  o  <rc£ooi/)     xooXoo     >     uj  ch    cx  *         * 

X-O'T  <i  <»?H-ZXX>-X>—  ZXUJLUOO  o    »     a.m  o 

0-»   ••>  «0  O<c£O0<      OC      c£  i-t<N      xr*-  O 

»-':><\j»-i  — i;s  ctxi-^c     ^ujq:Ouj<uj  ••r*-     +  ►        <-> 

>*i-ioio  u^h-  xujo-*t—  u_lui—  xi—  U-X      X  iH  •     --ten         — 

i-«>0   ■»-<  c\j  »X      x  CxZ     oot—      h-      ooh- ooh-  P-cm     —  f*-  — *  <M 

o>-i^.o  11  +        0+      11  u.a.uj_ix<— j     jz     i—  —  r-     ■«■  —        a.        ^ 

»-o  1  >r—  >        >co    —        sx«o<h<<luo:>  *-»^  — ■    o>-"     — »X        a 

o    u.sv>-«t-  —  u-         o>—  ou_— -sou.  ujCM-iUja:xujujujcx:a:<-j  a.  1  x     a.  1      a.  1  3 

«-♦     «S  l  CTHH|-«lOmH£hNw  I—  UCq:i-  -3ctoO(XK<a.Q-  HHZZifJZSrflZ^vttMl- 

m  11  uxxjuj-'  +  c     «-"     11  lux     —■  <  11  11  ii*— on  u  •—  n  11211  "  x 

O  II  (Ml— 11  ocXI— U-OO  11  OfMa:  11  CH-  cc   •       •  •       •  aiZ0Cii.uJ0QlU0i-a;z  11  N 

K>ZU2MM<Ji-'OI->l-Z,-iaHU  <«-4      cm  <*)      *f  oOi—Z'-'^oox»-<oo^Xo"i-1c_;^v 

^COUJ— *— -<t  11  •—      ft      C  —  3      <  C  <Xcx*-"-<a£«-<cx  —  <S^Z 

COZOOf-lLU-U-X  II  DQUZU-KOU.  UJ  U)U_—  U-LL(-;^HUH_J^-<LH-'U_h-  H 

(JtHMMMM»-l-lM5;ijM(jMI-li:0M  00  >— I  <— 1 1— <  •— I  (— I  ►—  •— • »— I  •— I  •— I  ►—  •—  I— 1  X  «£ 


O      O  <-'<M  O      O      f*      O  O  ^(V  ^  4" 

cm     m         Pin  >r     «>     u>     «o  r*-  i^-r—         r«-         r- 

UUUUUUUUOUt'CJOUO 


37 


oooooooccoooooooooooooooooooooooooooooococqoocoo 

mrof^tfr>rf\rnfrimrom>t^Nd"'4-Nj--4-^'>tvf  >f  ^^Lnu^^^lnu^u^l^ll^.tf^vO^C^O^O^O^>C'>£^,■0^w^-rs-^-'f'~^»f^-^■- 
oooocoooooocoooooooooooooocoooocooooooocooooooco 

QUGaCQDOQQOCCOQOOQOCQQOCCODQGOQUCQClCGQCCCCDOOCCQ 
<<.<<<  «l<<«.<i.<<<<.<<<l.<<<<<K«<<<<<<K<.«4<<<<<<<l<<.<.«a<<<<l 


ZUJ  UJ 

_JUJ  UJ 

U.LU  UJ 

ulz  z 

Xt/i  </> 

IJJ>  > 

x<  < 

a:  a. 
< 

Z  Z 

*:*:  -j 

<\!3  UJ 

II  z 

ZC  LU 
UJ 

o  *  at 

ZUJ  CJ 

i—O  U- 

t/^z 

<  -j 

►X  <r 

jo  </> 

<£<£.  a. 

lOUU  uj 

ccv-  > 

ujz  uj 

UJ  — <                                                                                                                                            O 

orUJ  »-t                        <\j                —                                      y-            r\i        -* 

«j  •                  (mq.               .-<                      o           >-«           a.        c\j 

i—  a.  o        .—o      -7Z                +■                       <r            (j)            z          ►    — 

•—a.  -h         u-m     x  •»                m             ir\         «-•             *-*               -     c\iO     »-« 

coi-i  — •         ~z*-\     <f-            — -o            <f          »            o         ™»—       *<m     + 

</>  *•         •>  -    six        —>m— »    «-•    r-i        o                      «o     i^cvj     -^ 

«—        >  o        cno     hh        «-*"^<    o.      »        <r            >        hi-     a:  »— •—    — ■ 

h-«->         cQ>  O         Q-fO(\j>-iZT     —  +  — 1—0:2:     O         f*             CO         a.z     00~5<     "5 

C*-             CO  t\j         Zh  1    »  »     mro<<a.UJ     in           *                         2  *     3 •"*"—♦—     ** 

r-<x        <t  — »         •»  ».— ir\i»-t     MHf-as;i-     — <        o           <z         *— ■•    zc\i<t<.     <  • 

CM      Zl—           I— UJ  CM(\J       — <OQ.t-<i— .      «-"- -<C  ||  UJ  II          ■»           ITi                 V—            —4»—         •— »  f—  Q      l—O 

-v      ►<        <z  Q-v»     11  cm  z  11  11  c\i<t<u— •*-«—    o        ih           <         11  11     -<co<  11     <i  11 

cvjh-      «-<Q          OO  Zc\l      (M^  +  r-HrO^KI— II  — t  II  — 4      !T\          — *      O      Q      Z~*cr\       11    I  C-OQ" 

V.C       It   II                OIO.      .-«-.<\J.-i»-i  1  <<— .  +  —  4.      --«  —1      O               *«->•—      ^UJ  ||  -Hrn  ||  h(\jZ 

MH      T—          UJ  CZ          cm»—          rr>OQr^ror*OrnU-*~>          Q.      fO      uj     CNJ                  </)  ~- +  c\l  —  +  a.  •-< 

CLZ          -5          jUJ  3  11       O"  II  mir\—.  11   H  mm-)-)I2          z              «j      HOO      Q<— i"—      ««ZZ 

z  11      o<—  <m     u.  cd  i—  u_     in  1  XNN  +  ^M^y^wwM  i  km  i  so     u.     str'-r-     >CU-w C— "—  II  U. 

ill—     x><  +     u.  ZX     '-<-}<i.-ii-»~}CLCL<<<<.a.-}  I  'vX  +  h-     u.     acc\i(Mroc\1»->i^^>-^:^rv.« 

r\JO-*      H- »-i      3Z  *-<\J—«      ~2T            II  SZhl-l-hZ-*5Z-'"l          X      O          »-      -'Ota:      CtaLQ.  II 

C     x     iconuu-ccuacu-u. 


CL 


1—     •»<  +  u.  zx     FHn<tH^t-5aa<«<a-5  1  vx  +  i 

o-*    h-kh  ^z  ~<\jr-«    —  x         11  2:3:1— (_>-(— z^-'^s:'--} 

H-  II  OO.  II  X<  U.Q.  II  LJU.'-<'-JC/r^lUUJ«a  <<.<!  II  U.  II    ||  U.  II  ( 

Zhccm  ooo  h"ZnOwwccT-i-aGOos«"iZM")< 


O  o*-1  ^J  c\im-^-<r         'J^  © 


98 


0 

(J 

rvi 

m 

»NJ 

fN 

oooooooccooooccooocooooooooooooooocoooooooococoo 
r-r-oocooDODcrccoococooDC'Otr •ao^a>{j>crg>0'OoooooooooH'-iHH>-iH<-ti^HH(\j(\i(\jMM(vj 
oooooooooooooocooooooooocooccoooooooooooooooccoo 

CQQDDOCQODDCDQCOQQCCDCC^DD^OCDOOCDCOQQOQQOCQCaQO 

<<<<<<<<.<<<t<<<t<<.<I<<<<<<<l<<<<<<<<<<<<<«±<<<i.<<I<t<I.<.<<l 

sissss:25:szxss:2:s.5:S5:sss5:zrZ£Szsssrszszzsss2:s5:szrrs 


i 

<*■ 
u.    o 

CJUJ1-1 

_jco 

SC  M 
a«3 
C2 
U-I-CX 
1/5      CJ 

<i 

I-      o 

a:  ix 

UJQO 

*-tu 

a:o 
3IjL'   • 
auj  — 
cuzr  — 

C     2: 

ar^>r  x 

UJK—  <l 

a     -v  5: 

i—#  * 

•o  —  >t 

GZ-H  — 

3UJ  I  »-.      k-.  y~ 

I— _l«—  CL      Q.      O  < 

1-  2:    3:    o  o 

O  U-LLCX  UJ'JJ-O-J 

\c\  o  oco       it.  3:  ocr— oci—      •—3     oa. 

CM  st  .-H  </)  O  h-  a.  I  C-|>      <-^<MH-      ^-n. 

»  CM  Q.  (/I^-H-  rr»  O  ^  21  —  2!  —      0"<s.^,      fn«. 

o  *  z     —         ac2T»-«  »        cm  a.  uj«— »uj«-<     «oxa       i>jq 

— »     in  o  •>     ih         caa.         o         m         <\jz  h-  +t—  +       »<r^     o*-tr 

u.     cm  ^j  ^      +  ^-     *  ;_>  »  •••.  1  .-t^*-"     cjs:  *     cm»— cm 

•-•        *  CM  <      <—  OlM  O  O  cjjt—  —  i£  — S£      r-STX      -*-<    ► 

—      O  »     »-<      2:-— —'  <*—  -*  »  m  ZC  — ,— iw.-«w      ("0   «»<t        »«t_>0 

t—     vo  o     a     (>]»-•;£        il^Z        o        ro        a>-        ^-*^<r^.<     -»:s2:     o— >cr  •— 

U     cm  «o     Z     »-*— 'Ct  30         O  »         ^Z     — .  +  _*_-^t_     <\jj— _j     c\ju_m  3 

<    —  cm      1       *j£o        a:     m        ohhO        •—  »    cmcm<<<<t    v.*-*  •    >r*   »    -»—■»• 

U-       CM  —       CM       P>UL.£  U    •»<•>  — Q_U.l^  ►— <       J£SC»—  t_Jt—  a       LJQ..-*       —•  <— « r-J  <l  <t  <l •-'  w 

•—a.  »-h     a.    t-ia  11         u_a£*-i        hzz^i^     »-«•— '     ■— — <  n  <  11     szo-     -to.ot-t-t-3.3 

n*     u_  a.     <^      11  .«—  3w        a.t-'v-*^      11  11      <<to-~c—     1— — z     a.Lj-rujujuj  1  ^<- 

CM       '-''-<       Z       +       CM  II  -H  GuQCL  ZHUOiQCOHr^^l-  H-  ||  —i  II  ^H       ZO  II        2-5  —  IllCta. 

Q-t-i  i  f\ja      i  aim    !—«-.+  ollx— >  i  a^  i  <hm^o.«-  +  -  +  -*  i  xj      ii-zki-i-j3 

u-acnaitHCNDM        <m<m  o     uj«-«  ozhoiam         2:ocj(mcm^4^clx<        x  i  c  i  —*  ^ 

«-»  tx.^u-H-'f  ol2  H     o*-""-"  ji  ii  i  3: 11  z<>-»     00+11  11  :*;  :*:*£:£  z  <  2:  o     <  n  .-.  11  co^cx  • 

11  _  i  _  11  U.U.1—X     r*— «-<m        i— 3~-  K3  11  a.  11  o<t4--*a:~ 112:11!*-     2!<oo<c— 'Zc\j 

,h  +  -}  1  cm<-"«~ih-<i     cM«t<  +  *:o     i—  ZKQCi-<a:t-mm^Q.u.<«q;<<xsxir\     s:>—  n*h- i.-i^)  11  11 

Q.-3«--"?a- 1  «*2j:h    H-i— *-'  »-<2Qt:c3c:  >->-<<;^,<  n  2-2:1—  f-i— (—<>—<.     _jwu.i— uj  11  11  oc:>- 

U_  ||  U_  II  U.U-U-OfM  •'  Q<1<£  II        <LUQC7       U_a.Q.U.O-GC-C!OJUJLU<l.<l'«4.<tS.U.2:<_!  II  u_X'-i.JLcr:>—Oi<M 
w-Jt-t-jMWMyM^QQQi-i        JL-J»— CO        HZHMt-OQQ^|-(-QUQC5:)-<jQJ.Mh1-HJL3jt3 

o  am     00     o  0000  <_>     00     o 

I*-  OO     <-*cv     m  ^in^f^  ao     c>o     i-< 

UUUUOU 


0 

0 

O 

<f 

lT\ 

O 

rsj 

1NJ 

r\i 

99 


oooooooooooooooooooooooooooooooooooocoooooocooco 

cm  cm  r\j  (\j  en  rn  m  m  fD  m  m  m  ro  m  sf  vf  ^  >?•  >d-  %j-  >r  <f  vt-  «4-  m  m  m  m  in  ir.  in  in  ir\  in  \0%ovCO^>OvoO>CNOf^-»>*-fs-f^ 
f^r~^i^f^f^^r^f^f^r^r^^f^r-f^r^r^r^f^^f^r^r^r^r--r-r^rwr^r~r^f^r^r^r^r^r-i^t^ 

ocoooooooooooooocoaooooocooooooooocoooocoooocooo 

ODODQDDaUOOCCOOQCOQQOQOQClCCQCOOODCQQClClQCCCDOQOQC 


r-4f\J  ^vT 

+  ^ +  i«£ 

;<£<  +  i^id.< 
^»— r^~— -h- 

oQ-  ——.—.-»        -~       <<:*£<<< 

rnaj  ,-t     1-4     »-*     .-h         ,-1         h-Q  —  h-h-o 

o  inn-  o     +     +     +     +        +        <*<i<<* 

>J-  ..«/>  CO       <N       -4"       fM       -f  m  Cw|-QQh 

oj     o  -rt—  Oii<^:<t^<r-<i^     <^     f\j  +  *3m+  o 

*     ci  «*ui  r*  ■*»»— «-.(— «^v—»rf— "—     i—  -"     3— ■»-«•*-*•—     nn  »-«ir>  •-« 

—  oca     4"  Oh-  >*•<<<<<<  »-<a,<     <<r      i  i-h3—  I  •— •     cnj  cm  ••  rj 

332        »  vOZ  ►hChOKONQK      Ch      •*+   I  —*—  +  C£H  Qlh-O  OC^a; 

*  -a-a:     o           <r  *           o<i  +  <  +  <  i  r-  i  <  i  «5  rvioj— ..  +  <rvr<\]  +        fM  i  o  <M  +  <r 

mmhZM  x     —  Z             h-Q— G— -Q— '<f— Q  — 'O  *:  *:  n  co  :*.  ^  h- — .         h-— m  3^-Zj 

<vi(\j>—  *  >r  <     c*-'            ♦♦•H*tH  i  .-•  •"—»  I  — •  l  -»^i£i<:<-.^-»  +  ~*          i  i-h  »  +>-«  + 

js-s  »-(x.-»  a.u_3i.             -»— •  + —  *  — - "f  <-h  ■«■  <■»  *-•  <a<— "-"«i<5.  — +         — •■♦■u  ctzjcs. 

I  +  >-«•<»-•  Si-<(-^            >-««-4»-«cOfCif-tl-m*»r<"*«4-  >3ro  h- r—  <i <*. h-i— — < fhcx*— i^-h g>»-<ix.  •—cc*-*  ii  m 

a:*—  ii  q-q.  ■«■  c;z  ii  u-Luu_CL^iii^:^:it:^:<f^it  *:>£  <<»—>—<:<*:  rai^^r  :£*:**■  ^J"m  m^ w— *_; 

33h>-<Z      <Xi«i  I  ,-4^-«h-.2:-»w-— ~w „«0 ^OOC«CC— hh««— hhOhh  II  h  II 

##m+  i  <-*o.i«:ciGa  i  <«*<<j<<z<<«-«<<'-h*  #co#  *«♦  +<<;z  i  i  »-•  i  i—  +  — 

CCCf.       ^Xr-IQ.sTUJ       ^iCi^Xh-h-h-h-h-  hOhh^h  h- IT.  c£  ii.  #  #  cC  CL  h-K-X>->h-t— O'-'CT  tnH-QC^^Cl 

fvjpgot— <•-■»-<  it  h-o-f  + +•  <<J.<-«y. <<t<i-t< <t     <<i     c\j<\jc£aC'',r>m«3'<rom<i<»-<cnvr     >rr^i£i£i£ 

33m  ||  £  ,|    i|  avi(MHrjf(iZQQQQQQUiQQCOCC232332CQhi-GCWhhG^'- "<• 

ii  ii  mzszu-uj^m^^iiz:  ii  n  ii  ii  .i  n  •-.  n  nh  ii  n  h-  u  n  ,i  n  h  u  h  u  u  n  ii  u »—  u  n  i —  it  »  <<*< 

iX*-*       •—•■»»•— i i-<H-'«—         ||    ||    II  <— <o:hhQC»— icC— -«—  Qi^-H       X*—1       CX»— •  c£ *-' Q£ '-<  3£ »— •0C>— •<2ifc-«»0C'— '       Ct »— if—  \—  I— 

i-*OSt«^it^'-.G^^^(-.30n03D«D30DJOHH|-|-i-HJ3DJjr«3303-JQaC 

»H  CM  O 

1^  h-  00 

-r         vr         -r 


100 


o 

ooo 

o 

o 

(NJ 

ro^-m 

>t> 

r«- 

-r 

>r>r^" 

«T 

>r 

o 

o 

O 

0s 

a 

— 

>r 

Ul 

U  1 

ooococoocoocoooooooooooooococooooooooooocoocococ 
.4-  in  >c  r*-  co  q\  o  r-i  cm  m  -4-  m  »o  r-  co  o>  c  »-<  n  m  "4"  u~  sC  r*  cc  cr  o  i-<  c\j  en  >r  tn  >o  r-  00  c^  o  #-4  c\j  m^-m^Oh-aoo-  o*-* 
r~r— r— r~-' —  r-co  coco  coco  coco  coco  coo*  o^cr  o(7(acr'0N(7>iJ(oooooooooO'^H^.HHH>-4i^H^^(\j 
r^^r^r^f^f^r^^p^f^f^r^^f^^^r^^^f^^^^f^^r^cccc^cccoccco^cococococoa^a^ 

ooococooooocoococoqoooooococooooooooooooooooooco 

CCQCQCQGCCCQCDOCDCaQQCCaDDOQQ^CaCJDQCJCCOCDQOCCCOD 

<;<<  <!<<<<<!  <<<t<i<<t<K<<<<<<i<r  <].<<<  <<t«i<i<K<<.<i<i<<i<i;<i<  <<<i<< 

LU 
I         CO 

< 

U_  O 
111   -— ' 

Q  — < 
QfMS 

}—»—-» 

♦  LU- 
LU ■-«»-< 

i— lli— 

«o 

>— < 

JVIL 
Q.~— « 
Q..-4 

<->X 
I  (- 

CNJO 

C^UJ 
3-K--J 

cio  a 

-531  H- 

<#  o  h- 

X~U-  < 

ar»-*<^  o 

lill  z  _J 

ht-a:  o    ^  a. 

XG"     <S)     O  %0Q.<— •  1— • 

o  </?-*lu«-'     r--  in  -^  x 

r-o  ex.*—*- >cc      »  r-i»-t-^o  <t 

r-<  in»0  LL  LU  OQ.O.K-       O  — I       <3  0.« '<\J  3L 

*—*-*>-*—  »tn  -J  -J  I— *  X  «■"       <«J  a.         "LU>—  O  —«<\l 

•4-     <\i     st     +  O^        x  x  Oncx     I*-  u_     ir,i-i<  *  a.  "5 

XGCXOTX       —  -tO       LLt—  LLH-  <-«.ULS  ►  *-.       — i    .CO LL.    •« 

+  C\J  )    <T   I         —I  ITlvO       —IOC  -Jet  LLX       >       LO  •»■        vfiZ- lf\J       <  <T  —'2 

■"-Ot-O1-'      •-•  *^      X*  X*  x  0<</>      O  -*      — »<-.u_>0      I— »—  I  •"-' 

mMim      i            o  •>    i~—        ►—«■>           <  oLt—  >o           u.    »-<2:#  *    lulu        -hcns: 

Xcr.J3tr._j      _:              -j-o      etas,          aci— •              2:  cj<//s;uj  —              t-i     a.—"— 'in  <!.—  ._.          a.a.c\i 

ii  — 1 11  01  it      •—            corn     -«■  a.         •&  3         ji5:  a.— oil—  c\i         <\i'— -»u.-3Q.cNjt— i—i—         u_ll-3 

— »-^—  3— u-i             —in     — >x.         —-4.          <  ■*■  *,ci  Q-         >n>—  ■+■•-'  II  <— '>ouj— '—»         <—•'-»  11 

r-i  11  —1 11  <-<uj^o        x  —    mujo     t-cio     axo  Q-a.u,co  xu j     — kjh  i  ^3  —  iwz        -+<m 

+  — >  +  — •  +  1— -"T»uJx<2Tcr:3>—  »-4Qi3a.»-iLu^<vo  oxa:3  I  :sc\jcl<q.x,->»—  z:h-c»-<q:'-1— '--i~) 

c\j  men  .4- <}•</>■«•  >TD<ZOJ  +   I  -T3  I  X4-X  |  3-co      CLULU-5      OHZZ^Zh       I  O  I  U,'<"o_  O--)-) 

_:_::_  _;:*;_<*■     zzzw  11  a— •     11  qclu     zmz        .j  11  a._:     jzc  11  »-«  h  xen  11  -^  11  11  11 1—  ♦—  n  11  in 

*»— ' —»— w  11  11  a  1-1  _j  1  wa:22Coc3i- C-1  11  II  C  3  O  I—  ll  ^u.  u  2<-*ro<</i<a;.-.</it/oz;:xm 
<<j.<«a.<u_^»— 1— -fs;t-iQ.——»— a.  «—«-»*—•— a;x»—     ^     zu     2T^»-|Xrvi»—  -5»o»—  — .>—  a.a.33-»<--o 

|_I-|-I_I-wm      ZZ^-Zil    II       TL  H    II       2<<1  i-iaCLU  «-C  II  — iCL.X^-      LU— .LUI-K-  II    '»  21 2C 

*3.«3.<I«l<Ciat.OCJ  I'  U_Ll-UJaC>— CLUCCr— CJCQ-iO  tfQiU.  ULU.  U»a.U_i-<LLCXLL-XCOt/)C£;^OJrMO 
UCC0Q^^CUlHi-tHJj;0(-i2CU»-iZ0      *»-H»U      — >.— i-i^^-jH-OI—  »-tt—  3  Jt32T5C 

ca  o         0<->  o  fJ  oir\         o         u>         o*n 

<vj  r>i  4-'^\  yQ  r-  CO         1-*         —•         <\J(\i 

u\  u\  mu>  UA  U\  O-U  *U  HJ  >o-o 


101 


ooooooocoooooooooocooooocoooooooooooooocococoooo 
<"Mr<^*3"ir\vOr,~aocrOi-<c\icci>l"ir  vO^coo^o^Hrvro-j-u^yor-cocr o^o^rn<tf^^r,--aocr>o»-<fsJrn>J"ir.  vO^-coc^ 
f^i  f\j  <m  (\j  co  <\j  i\j  (N  rn  rn  pn  m  m  ro  o"\  ro  en  rr,  vj-  v-t-  vi-  .4-  ^-  vj-  »j-  »j  ^  ^-  ir.  m  m  m  ir>  ir\ifNir>ir.ir>sO»o»oo'>£X>vO,>c>c«c 
oc  xcoccarooaDcococDccoccooocc^cDooQCcoQ^ooaooccDcocDcrx  oocrcocoocococctcocccooocoocoucoxccoo 
oocooooooooccoooooooccocooOoocoooocoooooocOqcoco 
qacucqoccoucqcucocoocoqcuccqccuccdqacqdqcucqcccq 
<a  <t  <  <<<<  <t  <.<.  <i<i  <[<<<<<  <i.  <i<  <<<<  <i  <<  <i<  <i.  <r  <<:  «i  <i<  «i<  <<<:  <c  <<<  «q.< 
xznss2:jsX25:iiszzss2:s5:izsrizsiszs22:isz5:zis:2:izj5:s 


3CC 

*  :s 

-*■* 

u_ 

«■» 

i-H  — 

I 

1— t 

+•!-« 

— » 

1— 1 

*■» 

+ 

ro  + 

— » 

Q. 

~5 

-5 

-5  m 

LL 

2 

>-. 

— » 

w-3 

•— I 

— » 

>* 

< 

< 

«a~» 

«>»• 

CM 

_ 

h- 

H 

l-< 

H- 

"V 

m 

< 

< 

<h- 

aH-) 

—            -t            rg 

H 

-5 

C 

O 

CM 

Q<r 

a.«. 

u.           o.    f-4    a. 

Q. 

+ 

+ 

f 

a. 

1  Q 

KU. 

h      N     IL     O.      U. 

U. 

m 

cc 

<—> 

rju- 

QC  -r 

Mi/)Min 

w     a.     —<     z     — • 

LO 

►-* 

>— • 

UJ 

<st 

»^ 

3">- 

o.jC'-'sr 

1 — OJ^C*— •  »      •      •» 

I— t          nO 

•.     — » 

+ 

c 

a 

X    * 

*  -5 

t— *  h-O 

o  *  "O-x     x     x 

a.     -u 

X         .-4 

(M 

-J 

■j 

<r»— 

— '•* 

C/)H-i<t    * 

<C5f— U-<«-««\l< 

U-U-    » 

<—  4. 

"^ 

O 

0 

NSC 

r^ct; 

2301^ 

— u.zowsa.so.5: 

Miin 

S-5T) 

* 

t 

1 

1   ^»— 

—  Q. 

*  +  -Kt 

<<<~tlXt—  i  nZhu.^ 

I  F-*m 

-5^*— 

r-j 

a. 

*— « 

o*~^ 

2: 

»-••— u_o 

t-K  +  -^Z'J5-5  1  -5»-<-^ 

(MQ->4D 

»<r< 

^-^ 

1 

«—. 

3: 

2: 

s    •»   * 

m«tuu 

-5as  » 

UJUJ«— C-" •  ►Z   •>*"H  •I     »roQ.H  * 

2KI- 

2 

(M 

--4 

r? 

Z3 

iXfNJ^ 

-51—1— 

1  i—  »-«o< 

.J»X— '  ►«-<ct.n,»Q.c\irgfH»-<u.,vi^ 

►—<.«3.QtZ) 

a. 

«•»  + 

V) 

v; 

H"^HI 

w<t  || 

iWQ.T!|-Kt— »  — <t-t04»— U.-50."-?  ' 

■»->--»m 

saczw 

a. 

-5~) 

* 

#  aL»- 

—  II  It 

<c:-. 

Q._SLJvUUJ^"— '*H  II    ||  -5  II  >—  II  <£  II  (Ni  +  ff.vO 

-5+  +  3 

11 

!■■♦ 

•»»■.-■ 

ata.1- 

-Cta-CL 

+  r-«ro»—  II  r~* 

i— *3— Xi^i2a.^-tfri  +  (\j  +  ^  +  ,"n-)ZM-> 

II  Of— '</5 

— |  .' 

D— 

<< 

3:^2:^2:2: 

(Vit-.-9-sr-.  +.  QCOOciH-  "Z\—  Ct-tLL»-<t— iCO-^C\j-5»-t-j 

l  •—  1  m 

-5s:5:  ii  r-*oo  j. 

l-H-    • 

•r-«Z5oziCuju-; 

-5 

com3-Sa.  i  o  i 

tjf>»—            — i       -5       ~5       r05-T|»M    • 

•      Z3C3— 

+  sOt-H 

<<ooaw3i/iii-t- 

11  00  11  "9"3  i#x>m||  11  11  11  iotn  11  o  11  o  11  0-5-5-5  1  00 oi/^*-*-'  II  XCC  II  11  U.  II  1—  11  h-  11  11 
xmrnotr— «-»(XQc:uj<tt>r)<f3C'-«ooNox(y'xacxoo  h  h  ^-<\i  u  m  vO  11  11  —»«*c-5<  11  11  cL—t-*cc  11  •-■  h  oc-1 
<sq>oq.<i<q--*i—  1—  »~ii—  aaz-oo<^<^<>oz^  >  ~ia:*-*^Jc£.>—^.^.>—  z:?ia.*—<s)v>  1  ca-r^cLi-ivioo 
2:        Ti>-h-T  11  11  ujw.xiH-»-a:        2:     2:     2:     -t<rH~2:2:     fSixac     c^z^cizz^zoa 

^CQUJ<l<lJJa:t-xu.I^WivJ'JCHO'-<CmOJ:2.  l|  ilD^CDSCOCU  U  — >ZD 1  — •  II  UJZ3Uj_3_j_j 

«OQI-QOI-JS3l-Hh  -5  3-5Qa-5C-5Q-5Q-5-5»-«K-.oOt^)OUOt/>^3C5»-~5^,<^>aC-5^-OOI-<^CJC) 

I*- 


lw> 

U^O 

Lf\0 

m 

m>j- 

vTlTi 

•v 

>WsQ 

*JO 

IT> 

^1 

H\ 

in 

0 

<u 

A/ 

*J 

■+J 

102 


ocooooooooooooooooooooooooocoocoooooooooocoooooo 
o  h  cm  cn^}"  v>  ^c  r~  co  a>  c  i- 1  c\i  co  ^  m  ^o  p*  qd  &  o  *-*  m  m  ^  in  \Q  f~  co  cr  o  f-n  m  m  vj-  in  vor-coo^o^cNjfi^rmxOf- 
h-^(^r-^Nr^r-i^NoocooccooaDfflccoocca'Cr'0Ncr|^0'(?cr(>ff,oooooooooo'^'*l'-,'H',H'-<H'-< 
coa:coa3aj<I)ccoDco<I)ooaooocoaccoccoO(X)00cccococDCDcc,  aocDcooooNoo,c?cr'C7>o<^0NcrON0'0^cro,'cros 

ooccoooooccoooooooooooocooooooocoooooccooocooooo 

OQQCCOCQODCQCCCCCQOCOQQDCCCQDCCaCOUCCCOCCOaQCCOD 
<«!<<<;<<<C<<.<<«l<<<<3.<t<<<.<i<<*.<<<*i<<l<<<<<<<<I<<<<<<<<<<< 


o 
o 

> 

CO 


2 

LU 


a 

<Si 

71 

LU 


LO 

LU 

X 

-.  UJ 

—          4.                                                                _  < 

*•»                  w            fl                                                                                                              JT  <~                                                                                    • 

<                 <            Q.                                                                                                 flC  •>                                                                        <\| 

i—       ►-«♦—        2:                       a:                             o    o  — ■                                             ""•» 

OQ         2IO     »-il—                            t—             CL                     r-     </■>  o         -*                                        o-— • 

r-  ♦         lu  +      a.  1      vO                 hhv)             2:     —               •     2  f*-         ^^                                    ^~5 

OCC      m|-.m      3.0C      CO                    C_5                  •>      -^                O      <  ••          "O                                              ►«— 

*co      Q.t-</J      LUQ.      «U                   H»*                X      +               O      CC    •  C          H-P-                                          I— < 

mo    sraco    i— 2:      »              001—           <    >-i           r-    »— 00  o        <  •>                              01- 

r*-_j     Lua.— j     +oj     in               23        -43:—  w             »        lu  0s        cim     ——                      v~  < 

-OO      hZO       CtH-       CO                      ■»•  +            atMn-^i                 O       -i*-*  •           -JO       <<                                2Q 

•»  I       1  uj  1      cl  11      >£/               —■<-•        Z"-1— 'a:            .-*     <ot:  o        u.r-     t-t—            r-i          »  + 

mc£»-.c£»~»-'o;^— •      "               2a         1    »-^.o           <o     u-J—  o        v.  •    lulu            i         <c— » 

Mil  11  Z5:lui-«     «\                   I  f         iv*n^a:3             —     cluj  co         »-<o,<ixx             u-          >-■■►-• 

«3D3S- Z5XI-  +       00                    QioOQ.      Cw'-'C  II                 (NJ           S  •          Q.O|-t-H-                —I           X^» 

— »</1C0LU^</>CO  II  ~5       SJ                         0-23       *6  II  3B«">                   Q.       <IZ  O             CJf^-LU  — ~~~                  «3.             1— 1< 

ZT#  #1—  2**  —Z      —          O      *-•*  ♦       +  <\jl|r*          rjZ          >  O          2-»I(^Z               XLO       i|  t— 

f-i»-ia:i—  11  OoC»-,»-<OU-Jfr>ct:,-,<ycr:oOa:QC      rO«-'  —  +          a.  |       luoo  C*          i-ZI-OmiXm      Zrg     »-i<t 

---■•-                                                                    H.  ^.^        I   O  I  U^O-Q.       #r-           Q 

LULU  t|         II  I—  II    II    I)  H- 1—  mcM       2dw 

-   -     i. -                               _JH-  CU-Z<»/><tc£ «-<</)</)  It    II  O*— CVJ  II 

I  -)ao.^^Q.a^i:i-")33i-aii-3     <v0<< +  ■-..-••-■     q.<  >--j  +  »—  «i— c  a.  is  3  z  *: »— 2:  r~ai 
~>w sisctiX'srsrctctz^'  11  h     s:  m  11  c-^z:     hi— 'iia-    srcj)  <2'ii«—uj^i—  n  n  — •<—    -5    2. 

II  U_LUUJOOUJUJCOOLUCr:>--'OUJCCi«-i2  II  OJO<<  II  LL.U-UL       C-J  CX  II  IU-il/)00(r«2  2:O  II  CD 
~?"--i|-l-3-XJ—  ♦—  -*3LJ'—  ^SOI—  -S3K  <-i»—  QGUmwhh      O-)  ^)ZZI-'-t-^2i2,-"'OlC^ 

lo                           o     lo         >o         o                    m  o*-1             ^r^                       o 

U^  CO                C"J                              — • 

0000 


103 


»-•»— 1QC1— 1 11  o  at  «-"••"-<  oujroc£»-io»  a:  00  ctc£  ro«-«— .+         o.  1 

aZ3S«»u3j  +  (jjHaaH)23a3  <-■     t\i(\i     hu.h 

LL-?  11  11  •-«•-<  11  11  <-i>->z  1  1— »—      11  #■  2: 11  11  in»-««-'     +  »-a- 

1-4  I  Ct  ►-«•«-'— a^,-,——»«-H  <M  LOCO COi  OCLUCt  XC7^ «-"«-' <njll.  11  u. 


0 

in 

O 

O 

CO 

X 

CO 

C^ 

>o 

<4J 

4J 

>o 

oocooooocoooooooooooooooooooooooocooooooooocococ 
aoa-Or-<(\jrn»4-ir»<3r-acooi-<c^mNJ"in>of^-  cooQf-«cMm<rir\vcr>-coo'  Or-tCM<rlNj-ir\vQr--cocro.--»cMfn->i-u^ 

r-l  r-*  CM  CM  CM  CM  C\j  CM  CM  <NJ  CM  <\J  (T)  CO  fT,  fO  CO  CO  CO  fO  <n  (T|  sj-  ^  ^  >f  >T  ^  »t  "4"  ->f  ^  IT>  lf\  ^  If  >  LO  tTs  LO  LT1  LT\  IT,  O  sQ 'O  ^O  vO  "^ 

oooocooocooooooooooocoooocooooqooooooocooococooo 
qqdqqcqocqcodcdcoqcdocooquqoqqqqqcqgccoqqqcudccc 
<<<<<<<<<<<<<  <.  <  <t  <<<  <i  <<<  <i<  <  <a<  <a.  <  <t<  <  <i<  <<<<<<<<  <t  <<  <.  <i 
Zrsz2:zzisisu2:rsxr2:5:isiz5:zszzzs2zzzsszzsjs:5;x2:2:rs 


> 

CD 


00 


2: 


Q 

a. 
m 

a: 

c 

a 

z 

cm 

a 

X 

•         •  +  +  (X. 

CM      CM  Z  Z  C 

*»  •—  •— •  »— <  5; 

»-«CM»-l  O  «■»  «■*  {£ 

"►«^  +  oC<f  <  <  —  c 

-3~  -5  a.r-     rg  i—  i—  cm  u_ 

—  -»— 'CtcX  >-»  t—    »       Q.  Q<  IT\<  "-<  on    • 
0.""3<tlLlL.      1— 1      Q.                     w(/)UO^~                                         —            >UQ                           sOQ                 *^  Z!00 

i— — >*—  t— it-H     cx     a.  o.jtm>r  »»-<                            «h  p-  i  f-4-  v—  <u! 

<i<i<iocjctz.cxuj  t—  *i~-p-«—  ♦                               +  •—  a  •—  o.  cc—* 

c\—a# a- q-ujcl  1—  oo—«  ►  •o*-'  u_           ,—  oz  ao  mz  a  h-o: 

+  <  1  *-cv:2:i—  x  +  ^30o»-w.  _j           _  ■£>.-.  r-  r-^  +  i— 

»-*  I  >-h  +   I  h- t-Hf—li-  "— »i-tf*-^»    ►(—      h-  X  »-<t—  ••— 1      Om  «— 1  — 1  <S 

■f  — ■  +  »-i»-«  +  u_  1  »-i  ja- •  »z<     o     ^-<^        "-<         o«—     co—        in  —  >-  ULJ2: 

>-"-•*-' 2; 2: cx»-< era  1  »~Zi-*»~iui     t—      ■»■■*         <iq         m«a.  «r-«a:         r~-<i   •         <i  ct>- 

—  DDSGZ  I       (MtM     aCoOHirnS:  I  CN2T      cmcm  (—  I  r*-t— O   •>»—  r—HO  t—  l/l 
<i<«lonoo3  11  Z3  II       +  I       Ou^siro-.-.  n  Du  +      "s.  I           <  ||           — .<t  n  cj<          — .<t  11           <   .          <i 

k(-(-*#w- </*>-*    ^^    h~*-)—  11—  zh    ^x:    ma—        xo-~^-o        zo-^wcoo        uj 
<«q:i-«  11  •— •  ii  — •     ,-'»-a:ooa:  i  2:>-i^+  c«-»C<     iTtin        <  n  i-nr-  n         —  h  ^»-«>f  n  u  o     uji— 

QOQi3-+-  +  NZZ33azO      +CM|_  +  |_3:      r-— +  2:^4.—-.  X— *z:r CT'      1— «f 

<-"—  II    II  MMTlUfn  II  *  2!i-!i-«irn-ia-2t—  2T«-'2:       -3"5  hh-5-5-)"^  ♦— i— 5~ 3i— i       ,-iCM  LUO 

11  11  11  qc>-iw-.w^,;z  11  11  cc:a:ujs:vim— 2  :i  c  n  n  ►-o-^^cmcm  i  — -w  i  —cmcm  i  —  —•  n  o^—  o  _iZ3 

t-«x'-iaa<i.«<  +  zza3K,-i»-i's-<ii  i-^-xzsi-<<+  i  «<<>-,<  i   i  m<«jki-«i-  q."~> 

zilu-Zzi-i-i-i — 3»— •— «s:  ft  ii—-'    h<Ncz<MM    ►— » — •— .— 5^»__j — . — •• — ^——3^^, —  j —  ^r     >-|_  ^-^ 

:D»-.^-tjjuj«t<<3.<  11  z.2:u_ijc»—  u.u.c<Q-h~  11  xx  i»  o<t<  n  «  u-<i<u_<r  u  n  u.<.<ixa<i<r<-j  cu 

^QObt-QOUQOw-)|-33«'-'QOi:Z'T-|l-M(JCC«"!'-CQ'-<amMCQwCQOO      0<_> 

u  it.  cjrHtx*\<_>  in         <_j     m         o         1110         ii~*  <w> 

cm  CMfomro,«r  ^         lo     ir\         -o         ^or-         r^-  ay 


104 


oooooocooooooooooooocooooooococoooooooocoooooooo 
vO^<x><7iOt-^f^rn-4-invor*-oo(7,C5r-(<vJf0^l^vOf>~ccosO'-4<Njr«'*>j-  ir.NDfs-aoc^o^-(f\im<|-ir1>or~-aoo'  O'-'^ro 
vC«Ovo^^^^r^r^r^r^^^r^ooajCocc^cooDccocco(Jscso,'<^cr<T,o,CTxcrcr  oooocooooo<— !•-«#-(•-• 
era  cca  crcr^oso^o>0NcroNcrcro^O'0No>0'Crcr-oNcra>o^crcrcr>0'cro^ooooooooooooooo 

OOOOO0O0CCOOOOOOOOOO0OOOOO0O0OCOOO— 4'-<t-<'-'^^-^r-i*-H^-<-^f-'^H^ 
OQCODCCQCCCOCQQQCQODOCOCQOCCaDUCOQCCICCCOUCCDCCCC 
<<<*<<«<<!.  <<4.<<<  <<<<<<<  <<<<<<<!<  <<<<.<  <<!<<<  <<<<.<<<<< 

> 
a.  lu 

LU  Uj  X 

CtOLUH-  OOCM 

oc>  >-* 

l^CJ  CD 

X  •        Lua. 

t-     s:^:     <xlu 

SID   »  OCD 

#  S  •  ►</)     x 

2#  »-i  •  •»-»  •ooo 

<IXZ    »LU      C02«=l 
HHTNMZinO 
s:<i-< ••»—  2:  »a  • 

00—      II  uj~I-/»-h< 

«£  +  •-<       2<X»—  XT  2 

lu  •      «-ujcna:s  iu<r 

•-«  • ddui>s; 

U_C\I  — >00o0<       l_i|- 
LL*  >    -      ►-<       LUC3 
LU-*    t  —CjXLLX-JU. 
OX  —.-,»- hCK<C 

u#  — 2 

^^XC     •ZU_LiJ> 

LurM  —      h-<CIH 

I- <I— 'I— 2— t— 00      00 

O0X— •-«2;    tCOt-'ULJ 
LU*00O  •  LL*—       > 

2  h-  — >ccc>-   •     kocm 

O  <f\i<      _J   •C<J'C!2 

^  —xta.— 10— 1     >-*»— 

2:  <  +  caM  ozoai 

o  lu  >«ara:-.OD<i 

O  21  ujrHCC<h-rnos     I— 

0*  *-«  O  »-i  wLUOOoT-'JSILU 

•        ^  o  a.  Q  <  x<Oii 

o<M    2  o    m    <m    —        2     —  h-  11 3:—<  •    lji—  a 

<~>Q.       •>  ,h     ao       •»     ,-*  »i-(         x  ll — X— 1     H-2r      or 

U'Z       *.  2C0         »      P*.       +  X.       +  <->  (EXZ  +  i-JCZ    •  LL 

•»•<        _  „    o  <     -5  <"5  <  X'-'^'icc:  «ctOr»- 

lo^<-<3:        2:0     in  z     «  s    «-  uj  i_  <_>a_x  »o  —  u.o:nCc 

QCQ-lM         >-tC\J     ao  >-.~<t  ►-.*—■<  u_                 <i-u.m     u_cr>- 

QOt—  Zm           1  ao        •  *-jt—            »-}»-  2  CO  lu_jS'J5     —2      — «a 

—2  I     »0(\j^  TsJO  2«~<  2  — <  O  X  2<        «KXGH   -a: 

»-«   •<\jf<i<^  I  aou-ii  *-»*lQ  ■— <XO  <-J  •—•— 'LU^oO    •*-"— 'OCX 

c-rHa.»-ia;-^2ovj2^     rt-  1         zi-  1         a.  \—  21-  zjt—  oolului— 

2  11  *  11  — <c  +ao  ♦  —  o>-<t  11         «-•<  11         o  lu         XQb-     Z-JOT  1  cc 

i  rn-f.(M*-,-£rr>— .xi^a  it  o—        u  Q—        o  2       oz    2      »ujlu2:o 

OTOt—  +  +  H(f|<   I  Zm  II  i-H  1-4  H  «-4  _l  >-i       ..c^^f-       — —  >>(JLCQ 

2    •—     <\ic\j  *■ «-« 2: 2:  ■«■     —  4-            —  +  0  ^<\i3        i—  Luco_j<Lu«-«-42a  o 

a:o  11  owi-w  1  -5WXOMW    xo^HHa  lu  0.0.112     x  ooxoxxw— oxuj  • 

-•'OXO  II  II  11  rg  11  Q<nJ-— ^.rvi<sO'— w2  U  22>a:      O  Cwat-t-xXcuiC-j 

mco<.<dzxx*-xi-<j.od«  1  s:oo<i<  1  11  11  lu_>     ex  a. 

—      2:      >-«<<w<— -5     1— I—  T-3     1—  I—  -}  q  c— «orf-oca  cc 

u.crjc:2"2.2-a-3tuu  11  c<i<  11  11  a*»-<  11  2  u.aaiuZ3  x 

~.umO'-m-5m-)i-iqgqt:cqqi  lu  4izzxiuvi  a. 

om  uotj  o<->  o  o     00 

OUCU  UJOJUJ  xu^  jj  ip        CPU' 

o  oo<~>  uuuu'JooLJuuouuuyuuoo 


105 


2 

^- 

X 

<r 

* 

-j 

< 

LU 

cx: 

a 

LU 

2 

X 

HH 

OO 

— . 

2 

ct. 

LU 

■h 

2T 

X 

1— < 

a 

••Q 

•h 

00 

X 

CtTLU 

cc 

lu<t 

•» 

>— 00 

2: 

1x100 

Bl 

s:»- 

< 

<o 

pi 

ccoo 

2 

<CQ 

•• 

Q.«a. 

> 

•» 

U-U. 

■x 

CO 

«w 

2> 

h- 

c<i 

LL 

«CC 

CU 

H-iX 

X 

a.< 

u 

•— <  1 

-• 

1 

0 

-J 

00 

••< 

LU 

LUO 

ax 

O 

< 

u; 

X 

oooooooooooooooooooooocqococoooocooooocooooooooo 
-4-u>or*-occ  0'-'c\jfr><f^^r*-aoo^C3^-<(N4msrir.>t)r>-coo^o»,-,<Mro>Tm  ■or-aoo,o,-<<Mro.j-Lr\^or*~cccro  — 
^^^^f^r^«^i^(NCMrgc^(Njfvirvjrj<\i(\Jr^<^rn^rnro<1'>rrirnrOvt->}-  -j-  ^^nT  .j-^vt-^LOLOir^LOLOLmrLr.inirivCvO 

ooooooooooooooooooccocoooooooccoooooooooocoooooo 

QOCCGaCCCCCQCDDaCCQQDOOOCCaGQCGCCCCCCCOQOQUCDOCO 

<<  <i<.  <  <i<  <<  <i  <<<  <t  <<i  <r<  <<  <<.<<£<<  <t  <i<  <  <t  <i<  <<<<  <;  <<.  <i  <t  <.<  <i  <  <t  < 

> 

uj  a: 

X  lu     —  co 

co  u.     +  o  o 

>  <      XX  «l  t- 

CQ       _J  — »-«  _J  O 

uj     <   •cua<3C         X  lu 

X       UfMI-U       C  21  > 

O      t— PK.      UJ_1  CC 

00         »_— >  c£c\iXlu>.j         a  X 

I—  <\I<N(NJ  UJ       U-l   I   —  Xi— 'O  U.  X 

2        +  +  +        xu-xr^sr-it-u.  *- 

uj       s-xx        K-ax-^a.<i<  o  »- 

—    «-•        «-»_w  ^v\auj>ot-J        *£  <r 

X      O      JXIOf  21^           h-       UJLU  h-.    •  h-i 

_     1-.     <rccai  hcz   •     LLXK  I— «"  > 

>    a.    >-        h  ccai-t-    <  <h-  uj 

u.     x<r<rco  jx:  aoox  »x  -iz  i—                             o 

vt      uj      C*-R-<  <\r-  -     X-JX*—  Ouj  LL. 

■*       U — X-J_JLU  »-iuj-»    4CIQZ  Q-i-t  OO                                          LU 

—i     uvr>-«j         2.2:  «cr     oo  —  cx         a.0  > 

<  —     ■>;- «jujuj  o     atrujcci~uj        ujt~»  uj  •— 

luck  — '— K-Jcxoit—         ic  _j  uj  en  (X  <  <  (—         t— u_  o  1— 

OiU-<<CL  <t  ><l_.-i;3      _  Zu.  X  -cr 

O'h-uj      h-H-  _JCJC£       DlL>2  »—liJ  LU  X 

olustccoooooo        o—lu  »ujxujuj  o  oc  a 

U-H-C  — X<<UJ  C-GT  O«^0h-QULI  OOO  UJ  LU  00 


—lullj^-              'JJZ^C          cQ  -  u,  K-  tu 

0>-.>~t-J_iC         h- x<LuarH-iu  x_i  uj  _j  o 

_i— '_jc\i<r        »-■        <->x— ictQ-Mijw  u;<r  —            oc  <t  X 

00       O  +  Xt— t—OO             U_X       CL       XX<  t— >-*  —            <-H  Ui 

x     azH<i<^         i  "X    luujujx  3Z  a:        «■»           — i  t-  a: 

LUOO      ~-X            UJ            hJwZl       Oi  UJO  •>            X                  <  UJ  LU 

ZKQ<fOOQZ           oouj      >-i>-H-UJUJ  -iZ  X          ac               h-  go  u, 

—Xlu     actum*-*        ujll  »vo     <u_c£  >  a.          ►            t—  u, 

G*-f-t-azzo         ajLu-~2f-     lux  Qj  ►        —            _  c.  — 

CK^CCO                 hZC<  •<xq  •  xc  X         <-<             X  x  c 

ooa.x<i<^.«-'>-         <j—  Oox^     ujo  <a.  a:         —            —*  <r 

UJ      O-UJ      00</-<                 GOt— G0J-CL_ll_'X  •»           X  Q 

hu;H_iDZZ2;         go     h- «-•     uj<tc»-»  golu  X         ai             a.  </>  lu 

<— ix     LuujuJa:        —  ><3goi—  xoco  lux  ►         -           o  a:  a 

ZiOKa:ZZ<             ccx     3oohhclo  u-H-  <        —             U.  »-•  — 

hZ      -«^>— ••—*•— •              — •     t-iU-O      u_      >  X  ►         —<  <£  > 

0<.UJ      OOQOii            XQXOX'X       UJO  UJO  X           *—                 OC  Q.  l-i 

a;ooxcUJ          QC          »-ujC    »oocluX  dX  »         <              O  O 

0    ^uja>>a        clojcxx        it-u.  oji—  >         ►           t—  lu 

u.     X     <<ije            ^-ic  »~~a:i—     c  U.J—  »        -»            o  ^  ^-3 

U-LUU-l-JU-CtQ:                  —JOtOLS  i-tUJ       >~  LUX  X       -^i-t                  LU  XX 

C    Co-,Oa:c£a:        <o<xt\icDoo<tx  <— a.  «-»    p-*«           >  u.i  « 

en     00     <<m        »-oo    Onstctc  oz  i-     -'>  a.  c 

>uj>xoc        o        ^uju-"-"  «X— if-*-1  o  u_     a:  »           x  ^h           luinj  < 

<QC<UJUJ^^:LU            OClLUf—  CLXUJ       t—  QO  CD         •—                 LU  ^OO                  LLCO  ijj 

a.siQiXQocci»—         x     lu<-»     —coo  lu  x~-jr-«            o  uo     X            ujx  _j 

acoa:— ucuz         ></>ii     lu>-lulu  ocx.  uict«-            x  x     -J            c:-j 

<Z<0032i-<           J<U^-it-      H-t-  —O  H-    »X                >-•  X-J      Q.                    a      —  — I 

III          I     I     I     I              O       >XLU  — <LU  >LU  LUX"-1       —eg  II  Q»       5IO            <M2T       (-i—>  *■ 

CLLUCCOLUX  — OQ  -*  XLUc£X++CUJ  —X         ►    •             +    «      QCH_'  X 

••      00 UJQCUJ •-•  +  *-•  OO  1-1Z      OZZ    «X  f^^*.      (^)t-*          X»-<      '-'Ct 

LOujXXQ.f-iU.XQLU  lu  h-      a:—  ll    il  O—  OO— •       ,|   ■♦•                ll  _Xw  XLU 

XX          KiXUJOQ.1—     —XX  </)  X>TLUO0»-<Csl  11  s:^(X^     —x      ot—  «-•  11  >■  M  I— 

>x<    zaaa:     ctK<^>»— <roo <<h-i—  «x  c-*oxooooxac:  m -j  i          ii  Q  »o    -»«— ii  — x 

<.  lu  cx_iujujxx->uj— Q.X    '-»«-»  +  ^HUjp^a:>-'— x—a. 

X  I—  -Xl<K-X_J_JUJt~  — Z'— O      — 'X  I   -I       II—"-1  I  ""X 

uj  a  xujx—q.q-ccuj'— 11  it  o— » 11  11  luc  —  x— 11  xc 

«■  X  via'-iQZza.QaaciQaii^coc.acx^u 

uucuuuuuutuuouuuouuuuuou  U  l-J  o 


10  6 


coooooooooooocoooooooooooocococooococooooooococo 
c\i  i<  i  <r  u".  >0  ^- oc  <^  o  <^  (\i  r^  >t  ir\  *o  r*~  aa  ^  o  ^  c\i  r<>  *r  ir\  so  r^  oq  (^ 

OoOOOOoOOOC;ooOOOOOOOOOOOOOOoOOOOOOOOOO^^-ir-«r-ir-trH^-if-tr-t'-< 

QDCOQCOCaCDODQCQQCQQODacaCOCCCClCaOaUCQCCCCOCOCCC 

<<K<<«K<.<<<<«*.<<<<t<;<i<t<£*i<<i.<<<i.<i<<<i<<<<i«K<K<<<.<<i<4:<«i< 


UJ 

>  3 

—I  -J 

_l  o 

<  <s> 

U  CD 

O  (- 

K  «/> 

Q  UJ 

O  a. 

s  < 

-J 

z  uj 

< 

UJ  u_ 

at  C 

u 

z 


<S> 

UJ 

O 

z 

UJ 

ex 

UJ 

u. 

u. 

H-l 

X 

Q 

UJ 

3 

z. 

c 

M-( 

^-+ 

2: 

h- 

ex 

<r 

UJ 

►— < 

h- 

> 

UJ 

UJ 

Q 

a 

a 

c 

Y- 

z 

< 

U 

CX 

2 

UJ 

C 

(VI 

— 

UJ     u_ 

»■«■« 

o 

O 

z     uj 

»—♦ 

UJ       X 

u_ 

cx-.i- 

u_ 

UJ<\| 

UJ 

U.U1UJ 

o 

u-xz 

<-> 

»— i^ji— • 

(-JQ-CXJ 

-J 

rr 

x< 

LUwO 

*M 

X  UJ 


—  a 

r-*  Z 

+        xuj  u»xz        <~>  ^ 

•"-•  UJ—  SIS!      X<  a. 

^        a»-«  uj«— o    ■»•  »-h  s: 

r-4  x  ^X  IIU(^~I  ► 

to  cX         —  ex  H-cX     o~»-«o  ■-«     »-* 

X  I         •-  I  in        v,  «3w2  oo     ^  r- 

-J  — *  <Lt-t  »      —  — "«i_JJ_>  x      <i  ■» 

a.         «~     ,-h  i  I-.  in     r-4C\J3:Q.a:-j  — i     •«•  r- 

i.  _i       — .  hI  ••       tl/'/Ci  +  U  .-4Q.       "5  •> 

TV)—.-.      *•      -»»-«0C  -T      SXZ    -~-Q.  +  -,  — x  O* 

^</),HWrHX         t-«<tw  «-«  UJ«—  _J  IX  <—**-»  —  ~i   ||    i— t    |  I 

it  x«-*xt/~>a:— >-'■— « ii        x    -~x    o-     ii  *~uj  -3    •—  ii  •-<•-»»-•  *~x 

""^_j«-CXX  II  *-X  II— »     <->cl     ->ZUJ  5!  X  *■"<>-  -»     »~..-iH*~<t.-*         hzujuj<ozh     X  ii  Ql  h 

a.<  ii  jS>- »cx-~.-<     <hh  imk-         ii  x  x     «— </)     <  n  •—     <-<  i  »-'X      nz-icc     <x_jXiix 

•rr  ii  —<a.u<.  ii  i-m-»«  ii  ^  i  wh<i<i>o-Q.  as     <*xco  ii  -»<-<  i  -M-t-zxiaouaa>x< 

ll  hmSZ  ii  m««  ii  h^m^zO  I  I-  mJZ  »  "5  UJ  ,-*_  ii  _  -5_  z  ai<-.lKZa:ru.i<Xr- 
l^mi  ii  uj»— i.— •Xt-i»-'X  ii  u.'jO  ii  >—<XwC)  il  ~3  il  ►— clC"-"^-"— '  ii  n  u_ c u. i s: u_  —  uj •— •  <x — • ex z. •—  n 
o•-•<.cx,— 'C<tx  <ct>-«'«!iix»-i»— ioujX3:q<I(_;~5x>— <<t  -3Q«  <<a»- omc-ih  x»-««acxu_uj<a..-«x~5 

m  vj-  v0  r-  ay         u"1  o^ 


f— • 

X 

< 

1— 

s: 

c 

>— i 

z 

X 

•• 

t/) 

UJ 

l""' 

X 

_J00 

jr 

<? 

<l- 

c 

CM 

>z 

>— « 

1—1 

h- 

c 

QCJ 

< 

H 

XCL 

i— < 

< 

> 

O 

«UJ 

UJ 

O 

X  — 

u 

<1  u. 

M, 

2:2: 

UJ 

X 

«<r 

o 

>x 

►  OO 

z 

UJ< 

X       X 

UJ 

CX  21 

uj-J<r 

ac 

Q.J- 

a— is: 

UJ 

—    •  1 

X<X 

U- 

Xt-  II 

»-"        II  X 

UJH 

— o— 

CX— »<—» 

CX^" 

«-0    »<M 

ujonis:^ 

X.JCX00 

Iu.i/11"" 'X 

107 


ooocooooooooooocoooooocooooooooooooocooooooooooo 

_i  #-l  r-l  _  r^  _|  «-H  »-<  f-t  H  (\J  CM  fsi  (M  <\J  (NJ  (\j  <\j  Csl  f\J  CO  fT,  CO  (O  fO  ,-n  fO  CO  CO  (f*.  -J"  <" -4"  ^" -^  >1"  ^"  >J"  ^  ^3"  IT.  tT>.  IfMTM^  If  LTi  IT\ 

QQCDOOQOOQOOOOOOOQQCCOOQQOOCQQOOOCOOOOOQQOOOCOOa 
<<l<i<i<i.  <.<<<.  <<<<<<i<  <<i<<t<<i  <.<<.<.«!  <i<i<a<.<<<<*i<<i<.<<i<  <<<<<<. 

</> 

x 

U' 

LUX 

z 

<U- 

IQ 

LLtOC 

U 

-QC 

V-iX 

ZUJ 

02 

a<r 
ujcs 

LU> 
OC< 

u. 

LUt- 

cc 


000 


103 


ocooooooooooooooo 
co  cr>  o  r-<  <\i  fo  sj- in  so  r— oo  cr  o  rn  cm  m  ^> 


CCOCCODQOOQCCCDQO 
<X  <.  <l  <1<  <1  <.  <3.  <■  «4.  <  «4  <t  <  <  <f  <£ 


a. 

LU 
Ui 
it      — 

a     ii 

_i    2: 

CJ       UJ 

—  a 
11 

a.  c\j 

(/>  —4 

•—       ITS 

a     11 

»     UJ 

•          •          1  •       <       N 
I       — I        I       -JfNisJ-       —* 

<     <      <     <XI—     00 
O     *->      O      (_)*vQ      it 

000    oojs:     -j 
—j     — 1     _j     _i*o     cu 

rsj      f»i      (M       *   II  » 

>Ol>OI-OI^I-  Q£  <M 

m^rn*vrn>vfn2:uj  m 

vcrsiso^-ofMO     </)  11 

O*  O*  O*  OU.  II       _J 
1*1*1*1  UJ_J      U 

f*-t— f^-H- r-t-fo-oic  mjj 
ozozozo  >— CC 
it.  ir\  in  mac  »z:-j 
OU_ou_OU_otJ>f>-"  » 
ai     ai     uj  1    "co 

C\JOLC\|<XC\JC£:<N'^0    mU. 

oc     co     ao     co»-»o_jii 
aj      co      cu  >J-^i.v-i; 

OOOQOQOO-fO   »U_  II 
Z5      3      3      OS  II  HOh 

<r2:<3<t2:<<i — ujd 

!—        •"-•        NN  —  11  IX  C 

00    00     co    co  »2:— j— oo 

•-«U.rHCl->-<0-»-lC_iOUj   II    > 

x  S      s:      2:      -J      COCCoO 

<t  *<i  *<r  -<i  »»ujq<o 

3!  4UJ     UJ      HI      U-it-«Q_JQCl 

»-"  O   »0    »0    (OH  o 

CM  II  CM      0<_J<_J«'_j<       ^H 

—      QJMJMJMJJO      a. 

cho       _jo_ic-icr_j<o       s: 

»—  I  I—      Z^Oi-*0>-«0>-'*-U_  ID 

•-    o»->    :>    >    >co       c 

C^CZi"      X      >      *si      t— c\l  </) 

e>ocou->>-<     <     <     <     »—        > 
oocou_oou_i/)u_u">u_ll        00 

CJ  •UJl_JUJGUJOU-»LJ    •  • 

<n        02.     2:     2:     2:     o        a 

«-*  (J)      Q      C      Q      CO  O 

,v<l«y)«H/l<lw)<l«/)-N,',v^^ 

N-jajo-jajavssN 


109 


LIST    OF    REFERENCES 

1.  Naval  Oceanography  Office.  Washington,  D.  C, 
Technical  Report  TR-2  18,  The  Influence  of  the  Natural 
Environment  on  MAD  Operations, "5 y  James  A".  Brennan  and 
TKomas  H.  """"Oavis  ,~T95"9~. 

2.  Chapman,  Sydney,  "Perspective,"  pp  3-28  in  Phvsics  of 
Geomagnetic  Phenomena,  Matsushita,  S.f  and  Campl5eU7 
7.    FT.  ,    editors,    Xcademic   Press,    New    York,    1967. 

3.  Parker,  E.  N. <  Cosmical  Magnetic  Fields:  Their  Origin 
and   Their   Activity,   Clarendon    ?ress,    C"xf ord,~T9~79. 

4.  Air  Force  Cambridce  Research  Laboratories,  L.  G. 
Hanscom  Field,  Bedford,  Massachusetts,  Report 
AFCRL-72-0570,  The  Geomagnetd :  Field,  by  David*  J. 
Knecht,    197  2. 

5.  Air  Force  Geophysics  Laboratory,  L.  G.  Hanscom  Field, 
Bedford,  Massachusetts,  Report  AFGL-79-0192, 
Proceedings  of  the  Air  Force  Geop_hy_sics  Laboratory 
•Tcr^s^o  p~on  Geomagnetism:  ^*2?il  ~§.z~!  t  T^79  ,  "FJcTi'eS  "5v 
RT  C.  Saaalyn,  17  0*.  Hut.chinson,  ancf  S.  Gussenhcven', 
p.    47,    1979. 

6.  Jacobs,  J.  A.,  Geomaanetic  !Iici2£ulsations, 
Springer-Verlag,    New    Yor£,    797J7 


7. 


Ves-iner  E.  H. ,  "Main  Geomagnetic  Field,"  po  181-234 
in  Phvsics  of  Geomaan  etic  Phenomena,  Matsushita,  S. , 
and~CampoelI,  "WT  1T7 ,  edi-3r§7~  Academic  Press,  New 
York,    1967. 


8.  Haymes,    Robert   C. ,    Introduction    to    Soace   Science,    John 

Wiley  and    Sons,    Inc77~^ew   Yor£7    T77T7 

9. 


10. 


Press,    New    York  ,    1967 . 


Press,  New  York,  1967. 


11.  Matsushita,  S.  "Solar  Quiet  and  Lunar  Daily  Variation 
Fields,"  pp  301-42  4  in  Physics  of  Geomagnetic 
Phenomena,  Matsushita,  S.,  and  Uampoell,  177  H.  , 
editors.    Academic   Press,    New   York,    1967. 


110 


12.  Reid,  George  C.  "Ionospheric  Disturbances,"  po 
627-662  in  Physics  of  3  so  magnetic  Phenomena, 
Matsushita,  S..  ancI~~~ampbe"Tl,  5T7""H'.7  eUTtors,  iTcaGemic 
Press,    New   York,    1967. 

13.  Matsushita,  S.  "Geomagnetic  Disturbances  and  Storms," 
pp  793-819  in  Physics  of  Geomaanetio  Phenomena, 
Matsushita,  S..  ana"  ~~ampbelI7  97  H. ,  5Hif5rs,  T~caa"emic 
Press,    New    York,    1967. 

14.  Naval  lir  Development  Center,  Warminster, 
Pennsylvania,  Report  NkDC-EL-47-5  0,  Magnetic  Airborne 
Detection    Freauencv      Responces,       by   J.      ~5.~    AnaersonT 

15. 


16. 


Appendix  H7  ""Preliminary  HemorancTura  "or.  Magnetic 
Detection  of  Submarines  from  Moving  Ships  or 
Airplanes",    by   L.    B.     Slichter,    1940. 

0.  S.  National  Defense  Research  Committee,  Washington, 
D.  C. ,  Summary  Technical  Report  of  Division  6,  Volume 
5*  Magnet  ic  Airborne  Detector  Proaram,  edited  oy  J.  S. 
ColemanT   T945'.  "*  ""  "*  ~ 


17.  Operations  Evaluation  Group,  Navv  Department, 
Washington,  D.  C.  ,  OEG  Report" No.  51,*  Antisubmarine 
Warfare  in  World  War  II,  by  Charles  M.  "J-  ernlTeTTand" 
IIan~~"7   TlTornd~ik"e7~T9'Jo. 

18.  Price,  Alfred,  Aircraft  Versus  Submarine,  Naval 
Institute   Press,    1973. 

19.  Operations  Evaluation  Group,  Navv  Department, 
Washington,  D.  C,  OEG  Report  No.  54,  Methods  of 
Operations  Research,  by  Philip  M.  Morse  and  Secrae  ET 
-"iI5aTI7~T9--tj: 

20.  Chilton,  F. ,  Wood,  L.  ,  and  Buntzsn,  R. ,  "Electric  and 
Magnetic  Sensina  Systems:  Applications,"  chapter  10 
of  Ao plications  of_  Remote'  Sensina  to  Ocean 
Surveillance,"  IG"ARD~  Lecture  Series  T"c7  38",  TTcrtn 
Atlantic  Treaty  Organization,  Aivisorv  Group  for 
Aerospace    Research   and   Development,    London,     1977. 

21.  Texas  Instruments  Incorporated,  Dallas,  Texas,  Report 
No.  C2-61009-2,  HAD  Siaaal  Proc*  i?.a  Study, 
AHlIllical   l2£Q.Zl    No.  ~7"(Finarr7~VoIume~T7~T"?6  1. 

22.  Lockheed-California  Company,  Burbank,  California, 
Lockheed  Orion  Service  Digest,  Issue  26,  limnetic 
Anomaly    Detection    -    AN/AS&-81    VAD    Svstem,     19727 


111 


23.         Lockheed-California      Company,  Burbank,        California, 

Lockheed  Orion      Service   Digest,  Issue   23,         Magnetic 

Sncmaly   Detection      -    The  Total  System   in      Relation    to 
Compensation,    1^73. 


24.         Personal   communication   between    the      author    and    Dr.      A. 

Warminster, 
>ol,    Monterey, 


Ochadlick,      Naval    Air    Development    Center,      Warminster, 
Pennsylvania,    and   Naval   Postgraduate   Schoc 


California. 


25.         Weaver,      J.      T. ,      "Magnetic   Variations   Associated   with 
Ocean      Wave; 
Research,    v. 


Ocean      Waves      and     Swell",           Journal               Geophysical 
-.    70,    No.     8,    pp.    1927=792^,    £pri3TTf55T 


26.         Nishida,  A.,  Geomagnetic  Diagnosis        of 

Magnetosphere,    Spring er-verlag,    New   Yor"?,""7978 . 


the 


27.  Lincoln,  J.  Virginia,  "Geomagnetic  Indices,"  pp  66-100 
in  Phvsics  of  Geomagnetic  Phenomena,  Matsushita,  S.f 
and  CampFell,  "177  a.  ,  editors,  Academic  Press,  New 
York,  1967. 

28.  Barteis,  J.,  "The  geomagnetic  measures  for  the  time- 
variations  of  solar  corpuscular  radiation,  described 
for  use  in  correlation  'studies  in  other  geophysical 
fields,"  po  2  27  -  236,  in  the  Annual  of  the 
International  G eoDhvs ical  Year,  Volume  S,  Part  TV7 
Pergalon  ?ress,  CFxroroT  79577 

29.  Air  Force  Global  Weather  Central,  Offutt  Air  Force 
Base,  Nebraska,  Report  Number  AFGWC/TN-80/C02, 
Geomagnetic  Index  Calculation  and  Use  at.  AFGWC,  by 
SoHft  b.  picocEaska#~iyao. 

30.  Commander,  Air  Test  and  Evaluation  Squadron  One, 
Patuxent  River,  Maryland,  Report  VX1  3TG  261-4-78, 
Patuxent  River .  Maryland,  Recommended  P3-C  MAD 
(Magnetic  Anomaly.  Detection)  Compensation  Management 
Program  a  no  Procedure  s,~7T78. 

31.  Personal  communication  between  the  author  and  LCDR  F. 
Shapiey,  Fleet  Numerical  Oceanoaraphic  Center, 
Monterey,  California. 

32.  Joint  USAF-NOAA  Space  Environment  Services  Center, 
Boulder,  Colorado,  Preliminary  PeDor4  and  recast  of 
SclarTGeqphysical  Daf a7~rssue~i4  8"7~'Q'~'!Tay~T9E77 

33.  Naval  Oceanography  Office,  Washington,  D.  C, 
Technical  Report  TR- 250,   The  Effect  of   Geomagnetic 

M  i  cr  o  pu  is  a  t i  o  n  s  on  MAD  Systems,  "  By- James  A".  "Ursnnan 
ana  Kuno  Salts,  79757   ~ 


112 


34. 


4  2. 


Mayaud,  P.  N.,  Derivation.  '^^^Llk9.r  aH^  Cfsg  of 
Geomagnetic  Indies! ,  Geophysical  Monograph  227 
American  Geophysical"    union,    Washington,    D.    C.,    1980. 


35.  Fraser-Smith,  A.  C. ,  and  Heinz,  Otto,  A  PrcDosed  HAD 
Index  of  Geomagnetic  Activity,  Abstract  for  tn"e  Firs. 
international  "Symposium  of  the  Society  of  Madmen, 
1982. 

36.  Air   Force 
Massachi 
Charact' 
ffecmaoneTic   Field,  ~~5y    George   L.    fas  on,    T77T. 

37.  Naval  Air  Development  Center,  Warminster, 
Pennsylvania,  Technical  Memorandum  NADC-202219: ARO, 
Correlation  of  K  index  with  geomagnetic  noise  in  the 
HAD"  BanH  2ass,    "5y   Sn3rew  F.    OcEaJlicK,   Jr77   T9"76. 

38.  Miller,  Irvin,  and  Freund,  John  E.  ,  Probability  and 
Statistics  for  Engineers,  Second"  FTTtion, 
FrlST Ice-Hall,  "Inc. ,  ~  FngTewood  Cliffs,  New  Jersey, 
1977.  l 

39.  McDevitt,  Gerald  R.,  and  Homan,  B.  Bert,  Low  Frequency. 
Geomagnetic  Fluctuations  (.04  to  25  Hz)  on  Tan^an^  on 
tEe  "Floor  oT~  Hontlrey^  3a£,  ~~M7S-  Tresis,  Haval 
Postg?a"3uate~"SchooI7~"3onterey,    19  80. 

40.  Beard,  Michael  w.  Power  Soectra  of  Geomagnetic 
Fluctuations  Between  070*2  and"*"2tl  Hz,  M.S'.  Tnesis, 
!TavaI  Postgraduate   School,    Sonterey,    1981. 

41.  McKinley,  Gary        M.  and        Santos,  Robert        a. 
Characteristics    of 
ai 

TX 


Fraser-Smith,  A.  C. ,  "Short-term  prediction  and  a  new 
method  of  classification  of  ?c  1  oulsation  occur- 
rences,"   Planet..    Space   Sci .  ,    Volume    28,    739-747,    1980. 


43.         Fraser-Smith,       A.      C.  ,      "Long-term      prediction    of    Pc    1 
geomagnetic      pulsations:  Comparison      with      observa- 

;r"    Planet.    Sp_ace    Sc^.  ,    Volume    29,    715-719,    1981. 


n; 


BIBLIOGRAPHY 


Ames,  Morgan  P. ,  Jr.f  and  Vehslage,  Louis  K. ,  Low  Frequency 
Geomagnetic  Fluctuations  (0.025  to  20  Hz)  on  I"h*e~FIocr  or 
TTcnt*ere  v  Bay,  ~H.S.~  "Thesis,  Naval  Postgraduate  "~Scn"ooI7 
Eont"erey,    T981. 

Regan,        Robert      D. ,      and      Cain,         Joseph      C. ,  The      Use      of 

Geomagnetic  Field      Models   in   Magnetic    Surveys,  ""!TA"SA    R"eporr 

TlFI^TtnTTV  So^dafa'  5"Dace~~Firg&T  Center,  Greenbelt, 
Maryland,    1974. 

Yannuzzi,  Edward,  Evaluation  of  Magnetic  Airborne  Detecting 
Set  AN/ASQ-81  ,  Report  TIo.~!7AT5C=A"E-oT9f7  TTavaI~IIf  EeveTcpment 
Center,    Warminster,    Pennsylvania,    1966. 


114 


INITIAL    DISTRIBUTION    LIST 


No.    Copies 


1.  Defense   Technical  Information  Center  2 
Cameron   Station 

Alexandria,    Virginia   2  2314 

2.  Library,   Code    01 42  2 
Naval    Postgraduate   School 

Monterey,    California    93940 

3.  Chairman   ASW    Academic    Group,    Code    71  1 
Naval    Postgraduate   School 

Monterey,    California    93940 

4.  Dr.    Otto   Heinz.    Code  6  1Hz  2 
Deparmsnt   of   Physics 

Naval    Postgraduate   School 
Monterey,    California    9  3940 

5.  Dr.    Andrew    P.,    Ochadlick,    Jr.,    Code    610c  2 
Deparment  of   Physics 

Naval    Postgraduate   School 
Monterey,    California    93940 

6.  Dr.    Paul    Moose,    Code   6 2Me  1 
Department   of   Electrical  Engineering 

Naval    Postgraduate   School 
Monterey,    California    9  3940 

7.  Dr.    Michael   Thomas,    Code  61To  1 
Deparment   of   Physics 

Naval    Postgraduate   School 
Monterey,    California    9  3940 

8.  IT    Jeffrey    M.    Schweiger,    USN  3 
44    Roundabout   Road 

Smithtown,    New   York      1  1787 

9.  LT    Wade   D.    Duym,    USN  1 
Commander,    Helicopter    ASW   Wing    One 

P.O.    Box   §2 

Naval    Air   Station 

Jacksonville,    FL      32212 

10.  LCDR   Ken   Peters,    USN  1 
Commander,    Patrol   Mings,    A-lantic 

Naval    Air   Station 
Brunswick,    MS      0  401  1 

11.  Commander,    Patrol  wings  1 
U.S.    Pacific    Fleet 

Naval    Air   Station 
Hoffett    Field,    CA      940  35 

12.  Dr.    A.    C.    Fraser-Sraith  1 
Radio    Science    Laboratory 

Stanford   Electronics   Laboratories 
Stanford    University 
Stanford,    CA      94  305 


115 


13-       Dr.    David   M.    Bubenik  1 

Assistant   Director, 

Electromagnetic   Sciences   Laboratory 
SRI   International 
333    Ravenswood    Avenue 
Henlo   Park,    CA      94025 

14.  Dr.    Robert   N.    McDonough,    8-368  2 
The  Johns   Hopkins   University 

Applied    Physics    Laboratory 
Johns    Hopkins   Road 
Laurel,    MD      20  80  1 

15.  Commander,    Anti- Submar ine   Warfare    Wing,  1 
D. S.    Pacific   Fleet 

Naval    Air   Station.    North  Island 
San   Diego,    CA      9  213  5 

16.  Mr.    Robert    D.    Smith    (AIR-5490)  1 
Naval    Air  Systems  Command 

Washington,    D.C.      2036  1 

17.  Commander,    Sea    Based   ASW   Winas,    Atlantic  1 
Naval    Air  Station 

Box    102 

Jacksonville,    FL      32212 

13.       Mr.    John   Shannon  1 

Naval    Air   Development    Center    (Code    3012) 
Warminster,    PA      18974 

19.  Mr.    Edward    Yannuzzi  1 
Naval    Air    Development    Center    (Code    30) 
Warminster,    PA      18974 

20.  Chief    of   Naval   Research 
Deoartment   of   the  Navv 
800   North  Quincv    Street 
Arlington,    7A      22217 

Code    100C1  1 

Code    460  1 

Code  464  1 

Code    480  1 

21.  Mr.    Gracen   Joiner  1 
Chief    of  Naval   Research    (Cede   414) 

Department    of    the   Navy 
800   North  Quincv    Street 
Arlington,    va     2  2217 

22.  Mr.    William   Andahazy  1 
Naval    Ship    Research    5    Development    Cen-er 
Annaoolis   Laboratory 

Annapolis,    MD      2  140  2 


116 


Thesis 

S375255 

c.l 


19S559 


Schweiger 

Evaluation  of 
geomagnetic  activity 
in  the  MAD  frequency 
band  (.04  to  0.6  Hz) 


7  SFP  °0 


3  7  0  5  3 


Thesis 

S375255 
c.l 


19c'  53 


Schweiger 

Evaluation  of 
geomagnetic  activity 
in  the  MAD  frequency 
band  ( . 04  to  0.6  Hz ) . 


thesS375255 

Evaluation  of  geometric  activity  in  the 


3  2768  000  99567  4 

DUDLEY  KNOX  LIBRARY 


m 


mm 


KftOffi 


BffcSK 


••••;■..•       K  •'■■■•    ■ 

WHsSp 

HsHilffli 


fair 
raw 


I 


HWHWWi 

Bi  ■  ■: 


HHH 


■■■■■..':■ 


